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Abstract
In this paper, we first open on important issues
regarding the Penn Korean Universal Treebank
(PKT-UD) and address these issues by revising
the entire corpus manually with the aim of pro-
ducing cleaner UD annotations that are more
faithful to Korean grammar. For compatibility
to the rest of UD corpora, we follow the UDv2
guidelines, and extensively revise the part-of-
speech tags and the dependency relations to re-
flect morphological features and flexible word-
order aspects in Korean. The original and the
revised versions of PKT-UD are experimented
with transformer-based parsing models using
biaffine attention. The parsing model trained
on the revised corpus shows a significant im-
provement of 3.0% in labeled attachment score
over the model trained on the previous corpus.
Our error analysis demonstrates that this revi-
sion allows the parsing model to learn relations
more robustly, reducing several critical errors
that used to be made by the previous model.
1 Introduction
In 2018, Chun et al. (2018) published on three
dependency treebanks in Korean that followed the
latest guidelines from the Universal Dependencies
(UD) project, that was UDv2. These treebanks were
automatically derived from the existing treebanks,
the Penn Korean Treebank (PKT; Han et al. 2001),
the Google UD Treebank (McDonald et al., 2013),
and the KAIST Treebank (Choi et al., 1994), using
head-finding rules and heuristics.
This paper first addresses the known issues in
the original Penn Korean UD Treebank, henceforth
PKT-UD v2018, through a sampling-based analysis
(Section 3), and then describes the revised guide-
lines for both part-of-speech tags and dependency
relations to handle those issues (Section 4). Then,
a transformer-based dependency parsing approach
using biaffine attention is introduced (Section 5) to
experiment on both PKT-UD v2018 and the revised
version, henceforth PKT-UD v2020 (Section 6).
Our analysis shows a significantly reduced num-
ber of mispredicted labels by the parsing model
developed on PKT-UD v2020 compared to the one
developed on PKT-UD v2018, confirming the ben-
efit of this revision in parsing performance. The
contributions of this work are as follows:
1. Issue checking in PKT-UD v2018.
2. Revised annotation guidelines for Korean and
the release of the new corpus, PKT-UD v2020.
3. Development of a robust dependency parsing
model using the latest transformer encoder.
2 Related Works
2.1 Korean UD Corpora
According to the UD project website,1 three Ko-
rean treebanks are officially registered and released:
the Google Korean UD Treebank (McDonald et al.,
2013), the Kaist UD Treebank (Choi et al., 1994),
and the Parallel Universal Dependencies Treebank
(Zeman et al., 2017). These treebanks were created
by converting and modifying the previously exist-
ing treebanks. The Korean portion of the Google
UD Treebank had been re-tokenized into the mor-
pheme level in accordance with other Korean cor-
pora, and systematically corrected for several errors
(Chun et al., 2018). The Kaist Korean UD Treebank
was derived by automatic conversion using head-
finding rules and linguistic heuristics (Chun et al.,
2018). The Parallel Universal Dependencies Tree-
bank was designed for the CoNLL 2017 shared task
on Multilingual Parsing, consisting of 1K sentences
extracted from newswires and Wikipedia articles.
The Penn Korean UD Treebank and the Sejong
UD Treebank were registered on the UD website
1https://universaldependencies.org
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(a) Example from v2018 where the labels in revision are indicated by the red bold font.
(b) Example from v2020 where the revised labels are indicated by the blue bold font.
Figure 1: Example from v2018 and v2020, that translates to “Renault announced last January that it was negotiat-
ing an exclusive acquisition with Samsung Motors, and ...”. This example continues in Figure 2.
as well but unreleased due to their license issues.
Similar to the Kaist UD Treebank, the Penn Korean
UD Treebank2 was automatically converted into
UD structures from phrase structure trees (Chun
et al., 2018). The Sejong UD Treebank was also
automatically converted from the Sejong Corpus,
a phrase structure Treebank consisting of 60K sen-
tences from 6 genres (Choi and Palmer, 2011).
Treebank GKT KTB PUD PKT Sejong
Sentences 6k 27k 1k 5k 60k
Tokens 80k 350k 16k 132k 825k
Released O O O X X
Unit Eojeol Eojeol Eojeol Eojeol Eojeol
Genre Blog,
News
Litr,
News,
Acdm,
Mscr
Blog,
News
Milt Litr,
News,
Acdm,
Mscr
Table 1: Korean UD Treebanks. Each abbrevia-
tions indicate genres of source texts: webblogs(Blog),
newswire(News), literatures(Litr), academic(Acdm),
manuscripts(Mscr), military(Milt).
In a related effort, the Electronic and Telecom-
munication Research Institute (ETRI) in Korea con-
ducted a research on standardizing dependency re-
lations and structures (Lim et al., 2015). This effort
resulted in the establishment of standard annotation
guidelines of Korean dependencies, giving rise to
various related efforts that focused on the establish-
ment of Korean UD guidelines that better represent
the unique Korean linguistic features. These studies
include Park et al. (2018) who focused on the map-
ping between the UD part-of-speech (POS) tags
2The annotation with the word-forms of the Penn Korean UD
Treebank can be found here: https://github.com/
emorynlp/ud-korean.
and the POS tags in the Sejong Treebank, and Lee
et al. (2019) and Oh (2019) who provided in-depth
discussions of applicability and relevance of UD’s
dependency relation to Korean.
2.2 Penn Korean UD Treebank
As mentioned in Section 2.1, the Penn Korean UD
Treebank (PKT-UD v2018) was automatically de-
rived from phrase-structure based the Penn Korean
Treebank and the results were published by Chun
et al. (2018). Even so, it currently does not number
among the Korean UD treebanks officially released
corpora under the UD project website.
Our effort to officially release Chun et al. (2018)’s
PKT-UD v2018 has uncovered numerous mechani-
cal errors caused by the automatic conversion and
few other unaddressed issues, leading us to a full
revision of this corpus. PKT-UD v2018 made tar-
geted attempts at addressing a number of language-
specific issues regarding complex structures such
as empty categories, coordination structures, and al-
location of POS tags with respect to dependency re-
lations. However, the efforts were limited, leaving
other issues such as handling of copulas, proper al-
location of verbs according to their verbal endings,
and grammaticalized multi-word expressions were
unanswered. Thus, this paper aims to address those
remaining issues while revising PKT-UD v2018 to
clearly represent phenomena in Korean.
3 Observations in PKT-UD v2018
The Penn Korean Treebank (PKT) was originally
published as a phrase-structure based treebank by
Han et al. (2001). PKT consists of 5,010 sentences
(a) Example from v2018 where the labels in revision are indicated by the red bold font.
(b) Example from v2020 where the revised labels are indicated by the blue bold font.
Figure 2: Continuing example from Figure 1 that translates to “... announced ..., and according to Korean media,
the value of Samsung Motors is estimated at 1 trillion won”.
from Korean newswire including 132,041 tokens.3
Following the UDv2 guidelines, Chun et al. (2018)
systematically converted PKT to PKT-UD v2018.
While this effort achieved a measure of success at
providing phrase-structure-to-dependency conver-
sion in a manner consistent across three different
treebanks with distinct grammatical frameworks, it
stopped short of addressing more nuanced issues
that arise from aligning grammatical features of Ko-
rean, that is a heavily agglutinative language, to the
universal standards put forth by UDv2. In building
PKT-UD v2018, the POS tags were largely mapped
in a categorical manner from the Penn Korean POS
tagset. The dependency relations on the other hand
were established via head-finding rules that relied
on Penn Korean Treebank’s existing function tags,
phrasal tags, and morphemes.
Chun et al. (2018) did make a few targeted at-
tempts at teasing apart more fine-grained nuances
of grammatical functions. For example, the PKT
POS tag (XPOS) DAN was subdivided into the UD
POS tag (UPOS) DET for demonstrative prenomi-
nals (e.g.,이 (this),그 (the), and the UPOS ADJ for
attributive adjectives (e.g.,새 (new),헌 (old)) in the
recognition that the XPOS DAN, focusing primarily
on grammatical distribution, conflated two semanti-
cally distinct elements. However, such efforts were
limited in scope, and the project did not examine
the full breadth of language-specific issues.
Moreover, the converted annotation was found
3While most Korean resources have what is known as Eojeol
representing a token and white space is used as delimiter, PTK
tokenizes apart symbols, punctuation and even occasional
morphemes where strictly required by syntactic structure.
to contain a share of mechanical errors. A case in
point, what should have been 5,010 sentences were
found to contain 5,036 roots, suggesting low-level
parsing errors. Additionally, a manual examination
of the first five sentences in the corpus uncovered a
variety of syntactic errors that raised an alarm. The
worst of the five examined sentences is shown in
Figure 1 (and continued in Figure 2) with errors in
both the UPOS and the dependency relation labels
(DEPREL). While we will not delve into particulars
of each error seen in this example, the example
provides a general sense for the extent of errors
existent that merited our attention.
These observed issues inspired us to revise PKT-
UD v2018, with the aim of producing cleaner syn-
tactic annotations that would be more faithful to the
Korean grammar. The following section provides
specifics of the revision content.
4 PKT-UD Revisions
4.1 UPOS Revision
Revision of the UPOS portion of the resource was
done from the ground up. That is, instead of cor-
recting PKT-UD v2018’s UPOS annotations, we
implemented a new mapping from XPOS to UPOS
after a careful re-examination of the original map-
ping schema. In particular, we consulted the POS
mapping guidelines by Park et al. (2018) whose
morphological tagset, carried over from the Sejong
Project (Kim, 2006), differs from PKT’s in some
key aspects. However, we found their nuanced view
of grammatical characteristics and typology of Ko-
rean in reference to the UDv2 very much applicable.
The followings illustrate key ideas of of our UPOS
revision approach. Below and throughout this pa-
per, we italicize XPOS labels (e.g., DAN ) so they
are visually distinct from UPOS labels (e.g., ADJ).
Copulas mapped to ADJ One major target of re-
vision was the scope of the UPOS adjective label
ADJ in Korean, which includes typical predica-
tive adjectives such as ‘예쁘-’ (pretty) and ‘다르-’
(different). As mentioned in Section 3, PKT-UD
v2018 already extended the ADJ label to include
the closed class of adjectives whose distribution is
limited to pre-nominal, attributive use which had
been grouped together with the determiner cate-
gory DAN in the original PKT. In our current work,
we further extend the ADJ label to encompass the
copula: CO (‘-이-’ (be)). In Korean, ‘-이-’ (be) is
a copula particle that attaches to a nominal to pro-
duce a predicate, much like the English ‘be’. How-
ever, such copula-derived predicates in Korean are
known to share semantic and syntactic traits with
adjectives rather than verbs, chief among which
being their inability to take on the present/habitual
aspect verbal ending ‘-는다‘ (do) which is only al-
lowed on verbs. In light of this, we made a decision
to map all instances of XPOS’ CO to UPOS’ ADJ.
Consistent NOUN focusing on morpheme roles
Korean is well-known as an agglutinative language,
and Josas (postpositions) are extremely common
nominal suffixes that can indicate a variety of syn-
tactic roles of the whole Eojeol unit (Figure 3).
For example, when an adverbial case particle (‘에’,
PAD) attaches to a noun, the resulting Eojeol serves
the syntactic role of an adverb. When a conjunctive
particle (‘와’, PCJ) is used, the Eojeol functions
as a noun conjunct. Consequently, PKT-UD v2018
mapped ADV to the former and CCONJ to the latter.
학교 학교+에 학교+와
hakkyo hakkyo+PAD hakkyo+PCJ
(school) (at school) (school and)
Figure 3: Korean postpositions, marked in bold.
However, this distinction underscores a syntactic
role rather than a morphological one: while the syn-
tactic role changes with the attachment of the post-
position, the POS of the noun itself remains unaf-
fected. UPOS, as a marker that solely demonstrates
morphological characteristics of Eojeol rather than
its syntactic function, should reflect the morpholog-
ical status of the nominal. Therefore, we made a
decision to allocate the NOUN label to these cases.
Verbal endings signal VERB Korean has verbal
endings on predicates that dictate the syntactic role
of Eojeol (Figure 4). In PKT-UD v2018, predicates
marked with ENM (nominalization verbal ending)
and ECS (conjunctive ending) are mapped to NOUN
and SCONJ, respectively. However, as with the ear-
lier case involving nominals, these verbal ending
suffixes should not be treated as fundamentally al-
tering the underlying POS of the predicate itself.
This work revises both cases of UPOS to VERB.
Extending the same principle, parallel cases with
the same verbal endings involving an adjective or a
copula were likewise re-assigned to ADJ.
먹+다 먹+기 먹+고
mek+ta mek+ki mek+ko
(Eat) (Eating) (Eat and)
Figure 4: Korean verbal endings, marked in bold.
Statistics of v2018 and v2020 The complete dis-
tributions of PKT-UD v2018 and v2020 are listed
in Table 2.
UPOS v2018 v2020 PC
ADJ 3,431 7,034 105.0 ↑
ADP 1,251 1,425 13.9 ↑
ADV 15,174 2,851 81.2 ↓
AUX 2,263 4,060 79.4 ↑
CCONJ 2,453 377 84.6 ↓
DET 685 685 0.0
NOUN 46,866 58,367 24.5 ↑
NUM 7,931 7,602 4.1 ↓
PART 464 290 37.5 ↓
PRON 857 1,142 33.3 ↑
PROPN 12,257 12,769 4.2 ↑
PUNCT 13,428 13,428 0.0
SCONJ 9,780 533 94.6 ↓
SYM 376 376 0.0
VERB 13,855 21,102 52.3 ↑
X 970 0 100.0 ↓
Total 132,041 132,041 0.0
Table 2: Universal POS tagset comparison between the
2018 and 2020 versions of the Penn Universal Depen-
dency Treebank. v2018/v2020: the number of tokens in
those versions respectively, PC: percentage change.
4.2 DEPREL Revision
In re-examining PTK-UD v2018’s dependency re-
lations, we consulted two existing dependency an-
notation guidelines for Korean: Lee et al. (2019)
and Oh (2019). They offer a thorough analysis on
applicability of the universal dependency relation
labels to Korean, and further identify a list of de-
pendency relations such as iobj, xcomp, expl,
and cop (among others) as not suited for captur-
ing characteristics of Korean grammar. Addition-
ally, where applicable, we took into consideration
the UD Japanese Treebank (Asahara et al., 2018),
since Japanese exhibits many parallel syntactic phe-
nomena as another strictly head-final agglutinative
language (Kanayama et al., 2018).
Reevaluation of iobj We turned our attention
to iobj, the DEPREL label for indirect object. We
found PKT-UD v2018’s decision to assign nomi-
nals with dative case markings to iobj question-
able, for the following reasons. First, unlike En-
glish, where word order distinguishes indirect ob-
jects from direct objects (e.g. “She gave me:iobj
a box:obj”), Korean has no such structural con-
straint that forms the basis for identifying instances
of iobj. The only potential identifier, then, is
dative postpositions such as ‘-에게’(to) and ‘-
한테’(by), which correspond roughly to English
preposition ‘to’ as in “She gave it to me”. The prob-
lem is, these markers do not exclusively encode the
dative case, as seen in examples such as “개에게
물렸다" (“I was bit by a dog”).
Hence, we adopted a new approach of reassign-
ing all instances of iobj to the oblique relation
obl. This move brings language-internal consis-
tency, as postpositions, in many instances, can sim-
ply be dropped if contextually recoverable, render-
ing any such nominals practically indistinguishable
from other nominal adverbials that are assigned
to obl. This overall approach is also in line with
UD Japanese Treebank, where iobj is categor-
ically absent and ‘に (ni)’, a postposition whose
usage largely parallels the two Korean postposi-
tions above, mapping to obl.
Standardizing verbal predicates As shown in
Figure 5, Korean predicates take on various syntac-
tic functions depending on the attached verbal end-
ing. Predicates with the declarative verbal ending
‘-다’ (ta) are assigned to root, which is straight-
forward. Endings ‘-은’ (un) and ‘-을’ (ul) on the
other hand turn the verb into a modifier to an up-
coming noun; the acl relation therefore is the
best fit here. Predicates with endings such as ‘-
어서’ (ese) and ‘-게’ (key) modify other predicates,
which calls for an advcl assignment. In PKT-UD
v2018, these cases had received an array of incon-
sistent allocations such as clausal complements
(ccomp/xcomp), auxiliaries (aux), and conjuncts
(conj). These were corrected to acl and advcl.
먹+다 먹+은/을 먹+어서
mek-ta mek-un/ul mek-ese
(eat) (ate/to-eat) (eat because)
Figure 5: Examples of Korean verbal ending.
Orphaned postpositions and verbal endings
In Korean, verbal endings and postpositions are
bound to verbs and nominals, respectively, and
cannot occupy their own Eojeol. In natural text,
however, they can occasionally be separated from
the constituent they attach to via quotation marks,
white spaces, or parentheses. PKT-UD v2018 had
assigned such orphaned bound morphemes to
UPOS of PART (particle) and ADP (adposition)
with the DEPREL of mark (marker) and case
(case marker), respectively as seen in Figure 6.
Figure 6: PKT-UD v2018 treatment of separated post-
position ‘-을’ (ul) in "‘하늘’을봐 (Look at the ‘sky’)".
However, verbal endings and postpositions can ex-
press syntactic function only if they are attached
to their modifying predicates and nominals. While
PKT-UD v2018’s assignment of the UPOS and
DEPREL are not categorically incorrect, they ad-
dress morphological relationship between these
morphemes rather than their syntactic relationship.
That is, even if these bound morphemes are no-
tationally distanced from their heads by punctua-
tion or white spaces, they form a single syntactic
unit with their nominals and postpositions. Hence,
mark and case were updated to goeswith,
used for divided words as seen in Figure 7, making
it clear that the seemingly separate Eojeols (e.g.
nominal and postposition) are actually one unit.
Orphaned copulas Similar revisions were ap-
plied to copulas. Korean copula morpheme ‘-이-’
(i) combines with a nominal on the left and a verbal
ending to the right. These copulas too can occa-
sionally be detached via intervening punctuation or
white space. To such cases, PKT-UD v2018 had as-
signed cop as the DEPREL. These instances have
been updated to goeswith in accordance with the
treatment given to verbal endings and postpostions.
roots and flats The number of root is ad-
justed from 5,036 to 5,010 after correcting sen-
tences with zero or more roots. Additionally, DE-
PREL of Eojeols that used to be incorrectly mapped
to compound are now assigned to flat.
Statistics of v2018 and v2020 The complete DE-
PREL distributions of PKT-UD v2018 and v2020
are listed in Table 3.
DEPREL v2018 v2020 PC
acl 1,488 11,210 653.4 ↑
advcl 11,636 5,086 56.3 ↓
advmod 2,964 3,125 5.4 ↑
amod 1,595 1,593 0.1 ↓
appos 1,182 1,173 0.8 ↓
aux 4,807 4,061 15.5 ↓
case 1,548 0 100.0 ↓
ccomp 9,858 1,989 79.8 ↓
cc 785 473 39.7 ↓
compound 28,908 21,433 25.9 ↓
conj 9,960 7,155 28.2 ↓
cop 418 0 100.0 ↓
csubj 8,014 8,012 0.0 ↓
dep 609 10 98.4 ↓
det 685 685 0.0
fixed 528 589 11.6 ↑
flat 18 739 4,005.6 ↑
goeswith 0 2,199 100.0 ↑
iobj 222 0 100.0 ↓
mark 1,003 0 100.0 ↓
nmod 5,555 5,501 1.0 ↓
nsubj 4,012 4,114 2.5 ↑
nummod 154 7,341 4,666.9 ↑
obj 9,823 9,849 0.3 ↑
obl 3,357 16,891 403.2 ↑
orphan 0 9 100.0 ↑
punct 13,073 13,794 5.5 ↑
root 5,036 5,010 0.5 ↓
xcomp 4,803 0 100.0 ↓
Total 132,041 132,041 0.0
Table 3: Universal dependency label comparison be-
tween v2018 and v2020 of the Penn Universal Depen-
dency Treebank. v2018/v2020: the number of tokens in
those versions respectively, PC: percentage change.
Figure 7: Revision of the DEPREL of the separated
postposition 을 at "‘하늘’을 봐 (Look at the ‘sky’)"
in PKT-UD v2020, where case relation for orphaned
postposition revised to goeswith.
5 Parsing Approach
Our dependency parsing model is based on the bi-
affine parser using contextualized embeddings such
as BERT (Devlin et al., 2019) that has shown the
state-of-the-art results on both syntactic and seman-
tic dependency parsing tasks in multiple languages
(He and Choi, 2020). This model is simplified from
the original biaffine parser introduced by Dozat and
Manning (2017) such that trainable token embed-
dings are removed and lemmas are used instead of
word forms. This section proposes an even more
simplified model that no longer uses embeddings
from POS tags, so it can be easily adapted to lan-
guages that do not have dedicated POS taggers, and
drops the Bidirectional LSTM encoder while inte-
grating the transformer layers directly into the bi-
affine decoder so that it minimizes the redundancy
of having multiple encoders for the generation of
contextualized embeddings.
Given an input sentence, every token wi is first
segmented into one or more sub-tokens by the Sen-
tencePiece tokenizer (Kudo and Richardson, 2018)
and fed into a transformer. The output embedding
corresponding to the first sub-token of wi is treated
as the embedding representation of wi, say ei, and
fed into four types of multilayer perceptron (MLP)
layers to extract features for wi being a head (*-h)
or a dependent (*-d) for the arc relations (arc-*)
and the labels (rel-*) (k and l are the dimensions
of the arc and label representations, respectively):
h(arc-h)i = MLP
(arc-h)(ei) ∈ Rk×1
h(arc-d)i = MLP
(arc-d)(ei) ∈ Rk×1
h(rel-h)i = MLP
(rel-h)(ei) ∈ Rl×1
h(rel-d)i = MLP
(rel-d)(ei) ∈ Rl×1
All feature vectors, h*1, . . . ,h
*
n, from each repre-
sentation are stacked into a matrix (n is the number
1 1 1 1
✕ ✕ = 
1 1 1 1
= ✕ ✕ ✕ + 
MLP(arc-h)<latexit sha1_base64="YOjGCa0F6qzEk1BNKKONGfRv9y8=">A AACBHicbVA7SwNBEJ6Lr3i+opZpDoMQC8OdjTZi0MZCIYJ5QBLD3maTLNl7sDsnhuNAG/+KjYUitrb2dv4bN49CEz8Y+Pi+GWbmc0PBF dr2t5Gam19YXEovmyura+sbmc2tigoiSVmZBiKQNZcoJrjPyshRsFooGfFcwapu/2zoV2+ZVDzwr3EQsqZHuj7vcEpQS61MtuER7Ekvv rwoJTcNZHcY54mk+729pJXJ2QV7BGuWOBOSO/k0j+8BoNTKfDXaAY085iMVRKm6Y4fYjIlETgVLzEakWEhon3RZXVOfeEw149ETibWrl bbVCaQuH62R+nsiJp5SA8/VncOT1bQ3FP/z6hF2jpox98MImU/HizqRsDCwholYbS4ZRTHQhFDJ9a0W7RFJKOrcTB2CM/3yLKkcFBy74 FzZueIpjJGGLOxAHhw4hCKcQwnKQOEBnuAFXo1H49l4M97HrSljMrMNf2B8/AAUW5nb</latexit><latexit sha1_base64="VRFAl+df+s3jeP+hy0ZWXz/OWc8=">A AACBHicbVA9SwNBEN3zM55fp5ZpDoMQC8OdjTZi0MZCIYL5gNwZ9jabZMneB7tzYjiusPGPWNhYKGJra28j/hv3khSa+GDg8d4MM/O8i DMJlvWtzczOzS8s5pb05ZXVtXVjY7Mmw1gQWiUhD0XDw5JyFtAqMOC0EQmKfY/Tutc/zfz6DRWShcEVDCLq+rgbsA4jGJTUMvKOj6En/ OTivJJeO0BvISliQfZ6u2nLKFglawhzmthjUjj+0I+ihy+90jI+nXZIYp8GQDiWsmlbEbgJFsAIp6nuxJJGmPRxlzYVDbBPpZsMn0jNH aW0zU4oVAVgDtXfEwn2pRz4nurMTpaTXib+5zVj6By6CQuiGGhARos6MTchNLNEzDYTlAAfKIKJYOpWk/SwwARUbroKwZ58eZrU9ku2V bIvrUL5BI2QQ3m0jYrIRgeojM5QBVURQXfoET2jF+1ee9JetbdR64w2ntlCf6C9/wAF6ptP</latexit><latexit sha1_base64="VRFAl+df+s3jeP+hy0ZWXz/OWc8=">A AACBHicbVA9SwNBEN3zM55fp5ZpDoMQC8OdjTZi0MZCIYL5gNwZ9jabZMneB7tzYjiusPGPWNhYKGJra28j/hv3khSa+GDg8d4MM/O8i DMJlvWtzczOzS8s5pb05ZXVtXVjY7Mmw1gQWiUhD0XDw5JyFtAqMOC0EQmKfY/Tutc/zfz6DRWShcEVDCLq+rgbsA4jGJTUMvKOj6En/ OTivJJeO0BvISliQfZ6u2nLKFglawhzmthjUjj+0I+ihy+90jI+nXZIYp8GQDiWsmlbEbgJFsAIp6nuxJJGmPRxlzYVDbBPpZsMn0jNH aW0zU4oVAVgDtXfEwn2pRz4nurMTpaTXib+5zVj6By6CQuiGGhARos6MTchNLNEzDYTlAAfKIKJYOpWk/SwwARUbroKwZ58eZrU9ku2V bIvrUL5BI2QQ3m0jYrIRgeojM5QBVURQXfoET2jF+1ee9JetbdR64w2ntlCf6C9/wAF6ptP</latexit><latexit sha1_base64="a2kCNsFKIGDGLzmwu91CKpA1QFU=">A AACBHicbVBNS8NAEN3Ur1q/oh57CRahHiyJFz0WvXhQqGA/oI1ls920S3eTsDsRS8jBi3/FiwdFvPojvPlv3LQ5aOuDgcd7M8zM8yLOF Nj2t1FYWl5ZXSuulzY2t7Z3zN29lgpjSWiThDyUHQ8ryllAm8CA004kKRYep21vfJH57XsqFQuDW5hE1BV4GDCfEQxa6pvlnsAwkiK5v mqkdz2gD5BUsSTHo6O0b1bsmj2FtUicnFRQjkbf/OoNQhILGgDhWKmuY0fgJlgCI5ympV6saITJGA9pV9MAC6rcZPpEah1qZWD5odQVg DVVf08kWCg1EZ7uzE5W814m/ud1Y/DP3IQFUQw0ILNFfswtCK0sEWvAJCXAJ5pgIpm+1SIjLDEBnVtJh+DMv7xIWic1x645N3alfp7HU URldICqyEGnqI4uUQM1EUGP6Bm9ojfjyXgx3o2PWWvByGf20R8Ynz+lFJgO</latexit> MLP(arc-d)<latexit sha1_base64="Y4EQEDwfsGNGdjkNN2qdWSx5ZSM=">AAACBHicbVA7SwNBEJ6Lr3i+opZpDoMQC8OdjTZi0MZCIYJ5QBLD3 maTLNl7sDsnhuNAG/+KjYUitrb2dv4bN49CEz8Y+Pi+GWbmc0PBFdr2t5Gam19YXEovmyura+sbmc2tigoiSVmZBiKQNZcoJrjPyshRsFooGfFcwapu/2zoV2+ZVDzwr3EQsqZHuj7vcEpQS61MtuER7EkvvrwoJTcNZHcY54mk++29pJXJ2QV7BGuWOBOSO/k0j+8BoNTKfDXaA Y085iMVRKm6Y4fYjIlETgVLzEakWEhon3RZXVOfeEw149ETibWrlbbVCaQuH62R+nsiJp5SA8/VncOT1bQ3FP/z6hF2jpox98MImU/HizqRsDCwholYbS4ZRTHQhFDJ9a0W7RFJKOrcTB2CM/3yLKkcFBy74FzZueIpjJGGLOxAHhw4hCKcQwnKQOEBnuAFXo1H49l4M97HrSljM rMNf2B8/AAOQ5nX</latexit><latexit sha1_base64="AgCIdrGtDzGRC4O2PEAO+x8zTUg=">AAACBHicbVA9SwNBEN3zM55fUcs0i0GIheHORhsxaGOhEMF8QC6Gv c1esmTvg905MRwpbPwjFjYWitja2tuI/8a9JIUmPhh4vDfDzDw3ElyBZX0bM7Nz8wuLmSVzeWV1bT27sVlVYSwpq9BQhLLuEsUED1gFOAhWjyQjvitYze2dpn7thknFw+AK+hFr+qQTcI9TAlpqZXOOT6Ar/eTivDy4doDdQlIgku61dwetbN4qWkPgaWKPSf74wzyKHr7Mciv76 bRDGvssACqIUg3biqCZEAmcCjYwnVixiNAe6bCGpgHxmWomwycGeEcrbeyFUlcAeKj+nkiIr1Tfd3VnerKa9FLxP68Rg3fYTHgQxcACOlrkxQJDiNNEcJtLRkH0NSFUcn0rpl0iCQWdm6lDsCdfnibV/aJtFe1LK186QSNkUA5towKy0QEqoTNURhVE0R16RM/oxbg3noxX423UO mOMZ7bQHxjvP//Dm0s=</latexit><latexit sha1_base64="AgCIdrGtDzGRC4O2PEAO+x8zTUg=">AAACBHicbVA9SwNBEN3zM55fUcs0i0GIheHORhsxaGOhEMF8QC6Gv c1esmTvg905MRwpbPwjFjYWitja2tuI/8a9JIUmPhh4vDfDzDw3ElyBZX0bM7Nz8wuLmSVzeWV1bT27sVlVYSwpq9BQhLLuEsUED1gFOAhWjyQjvitYze2dpn7thknFw+AK+hFr+qQTcI9TAlpqZXOOT6Ar/eTivDy4doDdQlIgku61dwetbN4qWkPgaWKPSf74wzyKHr7Mciv76 bRDGvssACqIUg3biqCZEAmcCjYwnVixiNAe6bCGpgHxmWomwycGeEcrbeyFUlcAeKj+nkiIr1Tfd3VnerKa9FLxP68Rg3fYTHgQxcACOlrkxQJDiNNEcJtLRkH0NSFUcn0rpl0iCQWdm6lDsCdfnibV/aJtFe1LK186QSNkUA5towKy0QEqoTNURhVE0R16RM/oxbg3noxX423UO mOMZ7bQHxjvP//Dm0s=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5 k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzz i6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="CbK09Lol6bl24Se0Xitj7o5+3MM=">AAAB+XicbZDNSsNAFIVv6l+tVaPbboJFqAtL4kaXghsXChVsKzSxT CaTdujkh5kbsYQu3Pgqblwo4ou4822ctF1o64GBj3NmmHuPnwqu0La/jdLK6tr6RnmzslXd3tk196odlWSSsjZNRCLvfKKY4DFrI0fB7lLJSOQL1vVHF0XefWBS8SS+xXHKvIgMYh5ySlBbfbPmRgSHMsqvr1qTexfZI+YNIulxcDTpm3W7aU9lLYMzhzrM1eqbX26Q0CxiMVJBl Oo5dopeTiRyKtik4maKpYSOyID1NMYkYsrLp0tMrEPtBFaYSH1itKbu7xc5iZQaR76+WYysFrPC/C/rZRieeTmP0wxZTGcfhZmwMLGKRqyAS0ZRjDUQKrme1aJDIglF3VtFl+AsrrwMnZOmYzedGxvKUIMDaIADp3AOl9CCNlB4ghd4g3fj2Xg1PmZ1lYx5b/vwR8bnDxbYlp8=< /latexit><latexit sha1_base64="CbK09Lol6bl24Se0Xitj7o5+3MM=">AAAB+XicbZDNSsNAFIVv6l+tVaPbboJFqAtL4kaXghsXChVsKzSxT CaTdujkh5kbsYQu3Pgqblwo4ou4822ctF1o64GBj3NmmHuPnwqu0La/jdLK6tr6RnmzslXd3tk196odlWSSsjZNRCLvfKKY4DFrI0fB7lLJSOQL1vVHF0XefWBS8SS+xXHKvIgMYh5ySlBbfbPmRgSHMsqvr1qTexfZI+YNIulxcDTpm3W7aU9lLYMzhzrM1eqbX26Q0CxiMVJBl Oo5dopeTiRyKtik4maKpYSOyID1NMYkYsrLp0tMrEPtBFaYSH1itKbu7xc5iZQaR76+WYysFrPC/C/rZRieeTmP0wxZTGcfhZmwMLGKRqyAS0ZRjDUQKrme1aJDIglF3VtFl+AsrrwMnZOmYzedGxvKUIMDaIADp3AOl9CCNlB4ghd4g3fj2Xg1PmZ1lYx5b/vwR8bnDxbYlp8=< /latexit><latexit sha1_base64="ICkaXSL7mB1kO9wQPSJboJ3ZHOo=">AAACBHicbVC7TsNAEDyHVwgvA2UaiwgpFEQ2DZQRNBQgBYk8pNhE5 /M5OeX80N0aEVkuaPgVGgoQouUj6PgbzokLSBhppdHMrnZ33JgzCab5rZWWlldW18rrlY3Nre0dfXevI6NEENomEY9Ez8WSchbSNjDgtBcLigOX0647vsj97j0VkkXhLUxi6gR4GDKfEQxKGuhVO8AwEkF6fdXK7mygD5DWsSDH3lE20Gtmw5zCWCRWQWqoQGugf9leRJKAhkA4l rJvmTE4KRbACKdZxU4kjTEZ4yHtKxrigEonnT6RGYdK8Qw/EqpCMKbq74kUB1JOAld15ifLeS8X//P6CfhnTsrCOAEaktkiP+EGREaeiOExQQnwiSKYCKZuNcgIC0xA5VZRIVjzLy+SzknDMhvWjVlrnhdxlFEVHaA6stApaqJL1EJtRNAjekav6E170l60d+1j1lrSipl99Afa5 w+e/JgK</latexit><latexit sha1_base64="ICkaXSL7mB1kO9wQPSJboJ3ZHOo=">AAACBHicbVC7TsNAEDyHVwgvA2UaiwgpFEQ2DZQRNBQgBYk8pNhE5 /M5OeX80N0aEVkuaPgVGgoQouUj6PgbzokLSBhppdHMrnZ33JgzCab5rZWWlldW18rrlY3Nre0dfXevI6NEENomEY9Ez8WSchbSNjDgtBcLigOX0647vsj97j0VkkXhLUxi6gR4GDKfEQxKGuhVO8AwEkF6fdXK7mygD5DWsSDH3lE20Gtmw5zCWCRWQWqoQGugf9leRJKAhkA4l rJvmTE4KRbACKdZxU4kjTEZ4yHtKxrigEonnT6RGYdK8Qw/EqpCMKbq74kUB1JOAld15ifLeS8X//P6CfhnTsrCOAEaktkiP+EGREaeiOExQQnwiSKYCKZuNcgIC0xA5VZRIVjzLy+SzknDMhvWjVlrnhdxlFEVHaA6stApaqJL1EJtRNAjekav6E170l60d+1j1lrSipl99Afa5 w+e/JgK</latexit><latexit sha1_base64="AgCIdrGtDzGRC4O2PEAO+x8zTUg=">AAACBHicbVA9SwNBEN3zM55fUcs0i0GIheHORhsxaGOhEMF8QC6Gv c1esmTvg905MRwpbPwjFjYWitja2tuI/8a9JIUmPhh4vDfDzDw3ElyBZX0bM7Nz8wuLmSVzeWV1bT27sVlVYSwpq9BQhLLuEsUED1gFOAhWjyQjvitYze2dpn7thknFw+AK+hFr+qQTcI9TAlpqZXOOT6Ar/eTivDy4doDdQlIgku61dwetbN4qWkPgaWKPSf74wzyKHr7Mciv76 bRDGvssACqIUg3biqCZEAmcCjYwnVixiNAe6bCGpgHxmWomwycGeEcrbeyFUlcAeKj+nkiIr1Tfd3VnerKa9FLxP68Rg3fYTHgQxcACOlrkxQJDiNNEcJtLRkH0NSFUcn0rpl0iCQWdm6lDsCdfnibV/aJtFe1LK186QSNkUA5towKy0QEqoTNURhVE0R16RM/oxbg3noxX423UO mOMZ7bQHxjvP//Dm0s=</latexit><latexit sha1_base64="AgCIdrGtDzGRC4O2PEAO+x8zTUg=">AAACBHicbVA9SwNBEN3zM55fUcs0i0GIheHORhsxaGOhEMF8QC6Gv c1esmTvg905MRwpbPwjFjYWitja2tuI/8a9JIUmPhh4vDfDzDw3ElyBZX0bM7Nz8wuLmSVzeWV1bT27sVlVYSwpq9BQhLLuEsUED1gFOAhWjyQjvitYze2dpn7thknFw+AK+hFr+qQTcI9TAlpqZXOOT6Ar/eTivDy4doDdQlIgku61dwetbN4qWkPgaWKPSf74wzyKHr7Mciv76 bRDGvssACqIUg3biqCZEAmcCjYwnVixiNAe6bCGpgHxmWomwycGeEcrbeyFUlcAeKj+nkiIr1Tfd3VnerKa9FLxP68Rg3fYTHgQxcACOlrkxQJDiNNEcJtLRkH0NSFUcn0rpl0iCQWdm6lDsCdfnibV/aJtFe1LK186QSNkUA5towKy0QEqoTNURhVE0R16RM/oxbg3noxX423UO mOMZ7bQHxjvP//Dm0s=</latexit><latexit sha1_base64="AgCIdrGtDzGRC4O2PEAO+x8zTUg=">AAACBHicbVA9SwNBEN3zM55fUcs0i0GIheHORhsxaGOhEMF8QC6Gv c1esmTvg905MRwpbPwjFjYWitja2tuI/8a9JIUmPhh4vDfDzDw3ElyBZX0bM7Nz8wuLmSVzeWV1bT27sVlVYSwpq9BQhLLuEsUED1gFOAhWjyQjvitYze2dpn7thknFw+AK+hFr+qQTcI9TAlpqZXOOT6Ar/eTivDy4doDdQlIgku61dwetbN4qWkPgaWKPSf74wzyKHr7Mciv76 bRDGvssACqIUg3biqCZEAmcCjYwnVixiNAe6bCGpgHxmWomwycGeEcrbeyFUlcAeKj+nkiIr1Tfd3VnerKa9FLxP68Rg3fYTHgQxcACOlrkxQJDiNNEcJtLRkH0NSFUcn0rpl0iCQWdm6lDsCdfnibV/aJtFe1LK186QSNkUA5towKy0QEqoTNURhVE0R16RM/oxbg3noxX423UO mOMZ7bQHxjvP//Dm0s=</latexit><latexit sha1_base64="AgCIdrGtDzGRC4O2PEAO+x8zTUg=">AAACBHicbVA9SwNBEN3zM55fUcs0i0GIheHORhsxaGOhEMF8QC6Gv c1esmTvg905MRwpbPwjFjYWitja2tuI/8a9JIUmPhh4vDfDzDw3ElyBZX0bM7Nz8wuLmSVzeWV1bT27sVlVYSwpq9BQhLLuEsUED1gFOAhWjyQjvitYze2dpn7thknFw+AK+hFr+qQTcI9TAlpqZXOOT6Ar/eTivDy4doDdQlIgku61dwetbN4qWkPgaWKPSf74wzyKHr7Mciv76 bRDGvssACqIUg3biqCZEAmcCjYwnVixiNAe6bCGpgHxmWomwycGeEcrbeyFUlcAeKj+nkiIr1Tfd3VnerKa9FLxP68Rg3fYTHgQxcACOlrkxQJDiNNEcJtLRkH0NSFUcn0rpl0iCQWdm6lDsCdfnibV/aJtFe1LK186QSNkUA5towKy0QEqoTNURhVE0R16RM/oxbg3noxX423UO mOMZ7bQHxjvP//Dm0s=</latexit><latexit sha1_base64="ICkaXSL7mB1kO9wQPSJboJ3ZHOo=">AAACBHicbVC7TsNAEDyHVwgvA2UaiwgpFEQ2DZQRNBQgBYk8pNhE5 /M5OeX80N0aEVkuaPgVGgoQouUj6PgbzokLSBhppdHMrnZ33JgzCab5rZWWlldW18rrlY3Nre0dfXevI6NEENomEY9Ez8WSchbSNjDgtBcLigOX0647vsj97j0VkkXhLUxi6gR4GDKfEQxKGuhVO8AwEkF6fdXK7mygD5DWsSDH3lE20Gtmw5zCWCRWQWqoQGugf9leRJKAhkA4l rJvmTE4KRbACKdZxU4kjTEZ4yHtKxrigEonnT6RGYdK8Qw/EqpCMKbq74kUB1JOAld15ifLeS8X//P6CfhnTsrCOAEaktkiP+EGREaeiOExQQnwiSKYCKZuNcgIC0xA5VZRIVjzLy+SzknDMhvWjVlrnhdxlFEVHaA6stApaqJL1EJtRNAjekav6E170l60d+1j1lrSipl99Afa5 w+e/JgK</latexit>
h
(rel-h)
i
<latexit sha1_base64="IrCfXkmLiWBtoloJfvdzz/ RU4z8=">AAACBHicbVA9SwNBEN3zM8avqGWawyDEwnAngpZBG8sI5gNyMext5nJL9j7YnRPDcYWNf8XGQhFbf4 Sd/8a9JIUmPhh4vDfDzDw3FlyhZX0bS8srq2vrhY3i5tb2zm5pb7+lokQyaLJIRLLjUgWCh9BEjgI6sQQauALa7 ugq99v3IBWPwlscx9AL6DDkHmcUtdQvlZ2Aou96qZ/1+Z2D8IBpVYI48Y+zfqli1awJzEViz0iFzNDol76cQcSS AEJkgirVta0YeymVyJmArOgkCmLKRnQIXU1DGoDqpZMnMvNIKwPTi6SuEM2J+nsipYFS48DVnfnJat7Lxf+8bo LeRS/lYZwghGy6yEuEiZGZJ2IOuASGYqwJZZLrW03mU0kZ6tyKOgR7/uVF0jqt2VbNvjmr1C9ncRRImRySKrHJO amTa9IgTcLII3kmr+TNeDJejHfjY9q6ZMxmDsgfGJ8/Bi+YTw==</latexit><latexit sha1_base64="IrCfXkmLiWBtoloJfvdzz/ RU4z8=">AAACBHicbVA9SwNBEN3zM8avqGWawyDEwnAngpZBG8sI5gNyMext5nJL9j7YnRPDcYWNf8XGQhFbf4 Sd/8a9JIUmPhh4vDfDzDw3FlyhZX0bS8srq2vrhY3i5tb2zm5pb7+lokQyaLJIRLLjUgWCh9BEjgI6sQQauALa7 ugq99v3IBWPwlscx9AL6DDkHmcUtdQvlZ2Aou96qZ/1+Z2D8IBpVYI48Y+zfqli1awJzEViz0iFzNDol76cQcSS AEJkgirVta0YeymVyJmArOgkCmLKRnQIXU1DGoDqpZMnMvNIKwPTi6SuEM2J+nsipYFS48DVnfnJat7Lxf+8bo LeRS/lYZwghGy6yEuEiZGZJ2IOuASGYqwJZZLrW03mU0kZ6tyKOgR7/uVF0jqt2VbNvjmr1C9ncRRImRySKrHJO amTa9IgTcLII3kmr+TNeDJejHfjY9q6ZMxmDsgfGJ8/Bi+YTw==</latexit><latexit sha1_base64="IrCfXkmLiWBtoloJfvdzz/ RU4z8=">AAACBHicbVA9SwNBEN3zM8avqGWawyDEwnAngpZBG8sI5gNyMext5nJL9j7YnRPDcYWNf8XGQhFbf4 Sd/8a9JIUmPhh4vDfDzDw3FlyhZX0bS8srq2vrhY3i5tb2zm5pb7+lokQyaLJIRLLjUgWCh9BEjgI6sQQauALa7 ugq99v3IBWPwlscx9AL6DDkHmcUtdQvlZ2Aou96qZ/1+Z2D8IBpVYI48Y+zfqli1awJzEViz0iFzNDol76cQcSS AEJkgirVta0YeymVyJmArOgkCmLKRnQIXU1DGoDqpZMnMvNIKwPTi6SuEM2J+nsipYFS48DVnfnJat7Lxf+8bo LeRS/lYZwghGy6yEuEiZGZJ2IOuASGYqwJZZLrW03mU0kZ6tyKOgR7/uVF0jqt2VbNvjmr1C9ncRRImRySKrHJO amTa9IgTcLII3kmr+TNeDJejHfjY9q6ZMxmDsgfGJ8/Bi+YTw==</latexit><latexit sha1_base64="IrCfXkmLiWBtoloJfvdzz/ RU4z8=">AAACBHicbVA9SwNBEN3zM8avqGWawyDEwnAngpZBG8sI5gNyMext5nJL9j7YnRPDcYWNf8XGQhFbf4 Sd/8a9JIUmPhh4vDfDzDw3FlyhZX0bS8srq2vrhY3i5tb2zm5pb7+lokQyaLJIRLLjUgWCh9BEjgI6sQQauALa7 ugq99v3IBWPwlscx9AL6DDkHmcUtdQvlZ2Aou96qZ/1+Z2D8IBpVYI48Y+zfqli1awJzEViz0iFzNDol76cQcSS AEJkgirVta0YeymVyJmArOgkCmLKRnQIXU1DGoDqpZMnMvNIKwPTi6SuEM2J+nsipYFS48DVnfnJat7Lxf+8bo LeRS/lYZwghGy6yEuEiZGZJ2IOuASGYqwJZZLrW03mU0kZ6tyKOgR7/uVF0jqt2VbNvjmr1C9ncRRImRySKrHJO amTa9IgTcLII3kmr+TNeDJejHfjY9q6ZMxmDsgfGJ8/Bi+YTw==</latexit>
MLP(rel-h)<latexit sha1_base64="IjgzhNAevdm1uSwW9WMqOdKM 1nA=">AAACBHicbVDJSgNBEO1xjXGLesxlMAjxYJgRQY9BLx4UIpgFMmPo6dQkTXoWumvEMMzBi7/ixYMiXv0Ib/6Nn eWgiQ8KHu9VUVXPiwVXaFnfxsLi0vLKam4tv76xubVd2NltqCiRDOosEpFseVSB4CHUkaOAViyBBp6Apje4GPnNe5C KR+EtDmNwA9oLuc8ZRS11CkUnoNiXQXp9VcvuHIQHTMsSxFH/MOsUSlbFGsOcJ/aUlMgUtU7hy+lGLAkgRCaoUm3bit FNqUTOBGR5J1EQUzagPWhrGtIAlJuOn8jMA610TT+SukI0x+rviZQGSg0DT3eOTlaz3kj8z2sn6J+5KQ/jBCFkk0V+I kyMzFEiZpdLYCiGmlAmub7VZH0qKUOdW16HYM++PE8axxXbqtg3J6Xq+TSOHCmSfVImNjklVXJJaqROGHkkz+SVvBl PxovxbnxMWheM6cwe+QPj8we6UZgf</latexit><latexit sha1_base64="IjgzhNAevdm1uSwW9WMqOdKM 1nA=">AAACBHicbVDJSgNBEO1xjXGLesxlMAjxYJgRQY9BLx4UIpgFMmPo6dQkTXoWumvEMMzBi7/ixYMiXv0Ib/6Nn eWgiQ8KHu9VUVXPiwVXaFnfxsLi0vLKam4tv76xubVd2NltqCiRDOosEpFseVSB4CHUkaOAViyBBp6Apje4GPnNe5C KR+EtDmNwA9oLuc8ZRS11CkUnoNiXQXp9VcvuHIQHTMsSxFH/MOsUSlbFGsOcJ/aUlMgUtU7hy+lGLAkgRCaoUm3bit FNqUTOBGR5J1EQUzagPWhrGtIAlJuOn8jMA610TT+SukI0x+rviZQGSg0DT3eOTlaz3kj8z2sn6J+5KQ/jBCFkk0V+I kyMzFEiZpdLYCiGmlAmub7VZH0qKUOdW16HYM++PE8axxXbqtg3J6Xq+TSOHCmSfVImNjklVXJJaqROGHkkz+SVvBl PxovxbnxMWheM6cwe+QPj8we6UZgf</latexit><latexit sha1_base64="IjgzhNAevdm1uSwW9WMqOdKM 1nA=">AAACBHicbVDJSgNBEO1xjXGLesxlMAjxYJgRQY9BLx4UIpgFMmPo6dQkTXoWumvEMMzBi7/ixYMiXv0Ib/6Nn eWgiQ8KHu9VUVXPiwVXaFnfxsLi0vLKam4tv76xubVd2NltqCiRDOosEpFseVSB4CHUkaOAViyBBp6Apje4GPnNe5C KR+EtDmNwA9oLuc8ZRS11CkUnoNiXQXp9VcvuHIQHTMsSxFH/MOsUSlbFGsOcJ/aUlMgUtU7hy+lGLAkgRCaoUm3bit FNqUTOBGR5J1EQUzagPWhrGtIAlJuOn8jMA610TT+SukI0x+rviZQGSg0DT3eOTlaz3kj8z2sn6J+5KQ/jBCFkk0V+I kyMzFEiZpdLYCiGmlAmub7VZH0qKUOdW16HYM++PE8axxXbqtg3J6Xq+TSOHCmSfVImNjklVXJJaqROGHkkz+SVvBl PxovxbnxMWheM6cwe+QPj8we6UZgf</latexit><latexit sha1_base64="IjgzhNAevdm1uSwW9WMqOdKM 1nA=">AAACBHicbVDJSgNBEO1xjXGLesxlMAjxYJgRQY9BLx4UIpgFMmPo6dQkTXoWumvEMMzBi7/ixYMiXv0Ib/6Nn eWgiQ8KHu9VUVXPiwVXaFnfxsLi0vLKam4tv76xubVd2NltqCiRDOosEpFseVSB4CHUkaOAViyBBp6Apje4GPnNe5C KR+EtDmNwA9oLuc8ZRS11CkUnoNiXQXp9VcvuHIQHTMsSxFH/MOsUSlbFGsOcJ/aUlMgUtU7hy+lGLAkgRCaoUm3bit FNqUTOBGR5J1EQUzagPWhrGtIAlJuOn8jMA610TT+SukI0x+rviZQGSg0DT3eOTlaz3kj8z2sn6J+5KQ/jBCFkk0V+I kyMzFEiZpdLYCiGmlAmub7VZH0qKUOdW16HYM++PE8axxXbqtg3J6Xq+TSOHCmSfVImNjklVXJJaqROGHkkz+SVvBl PxovxbnxMWheM6cwe+QPj8we6UZgf</latexit>
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<latexit sha1_base64="IjgzhNAevdm1uSwW9WMqOdKM1nA=">AAACBHicbVDJSgNBEO1xjXGLesxlMAjxYJgRQY9BLx4UIpgFMmPo6dQkTXoWumvEMMzBi7/ixYMiXv0Ib/6NneWgiQ8KHu9VUVXPiwVXaFnfxsLi0vLKam4tv76xubVd2N ltqCiRDOosEpFseVSB4CHUkaOAViyBBp6Apje4GPnNe5CKR+EtDmNwA9oLuc8ZRS11CkUnoNiXQXp9VcvuHIQHTMsSxFH/MOsUSlbFGsOcJ/aUlMgUtU7hy+lGLAkgRCaoUm3bitFNqUTOBGR5J1EQUzagPWhrGtIAlJuOn8jMA610TT+SukI0x+rviZQGSg0DT3eOTlaz3kj8z2sn6J+5KQ/jBCFkk0V+IkyMzFEiZpdLYCiGmlAmub7VZH0qKUOdW16HYM++PE8axxXbqtg3J6Xq+TSOHCmSfVImNjklVXJJaqROGHkkz+SVvBlPxovxbnxMWheM6cwe+QPj8we6UZgf</latexit><latexit sha1_base64="IjgzhNAevdm1uSwW9WMqOdKM1nA=">AAACBHicbVDJSgNBEO1xjXGLesxlMAjxYJgRQY9BLx4UIpgFMmPo6dQkTXoWumvEMMzBi7/ixYMiXv0Ib/6NneWgiQ8KHu9VUVXPiwVXaFnfxsLi0vLKam4tv76xubVd2N ltqCiRDOosEpFseVSB4CHUkaOAViyBBp6Apje4GPnNe5CKR+EtDmNwA9oLuc8ZRS11CkUnoNiXQXp9VcvuHIQHTMsSxFH/MOsUSlbFGsOcJ/aUlMgUtU7hy+lGLAkgRCaoUm3bitFNqUTOBGR5J1EQUzagPWhrGtIAlJuOn8jMA610TT+SukI0x+rviZQGSg0DT3eOTlaz3kj8z2sn6J+5KQ/jBCFkk0V+IkyMzFEiZpdLYCiGmlAmub7VZH0qKUOdW16HYM++PE8axxXbqtg3J6Xq+TSOHCmSfVImNjklVXJJaqROGHkkz+SVvBlPxovxbnxMWheM6cwe+QPj8we6UZgf</latexit><latexit sha1_base64="IjgzhNAevdm1uSwW9WMqOdKM1nA=">AAACBHicbVDJSgNBEO1xjXGLesxlMAjxYJgRQY9BLx4UIpgFMmPo6dQkTXoWumvEMMzBi7/ixYMiXv0Ib/6NneWgiQ8KHu9VUVXPiwVXaFnfxsLi0vLKam4tv76xubVd2N ltqCiRDOosEpFseVSB4CHUkaOAViyBBp6Apje4GPnNe5CKR+EtDmNwA9oLuc8ZRS11CkUnoNiXQXp9VcvuHIQHTMsSxFH/MOsUSlbFGsOcJ/aUlMgUtU7hy+lGLAkgRCaoUm3bitFNqUTOBGR5J1EQUzagPWhrGtIAlJuOn8jMA610TT+SukI0x+rviZQGSg0DT3eOTlaz3kj8z2sn6J+5KQ/jBCFkk0V+IkyMzFEiZpdLYCiGmlAmub7VZH0qKUOdW16HYM++PE8axxXbqtg3J6Xq+TSOHCmSfVImNjklVXJJaqROGHkkz+SVvBlPxovxbnxMWheM6cwe+QPj8we6UZgf</latexit><latexit sha1_base64="IjgzhNAevdm1uSwW9WMqOdKM1nA=">AAACBHicbVDJSgNBEO1xjXGLesxlMAjxYJgRQY9BLx4UIpgFMmPo6dQkTXoWumvEMMzBi7/ixYMiXv0Ib/6NneWgiQ8KHu9VUVXPiwVXaFnfxsLi0vLKam4tv76xubVd2N ltqCiRDOosEpFseVSB4CHUkaOAViyBBp6Apje4GPnNe5CKR+EtDmNwA9oLuc8ZRS11CkUnoNiXQXp9VcvuHIQHTMsSxFH/MOsUSlbFGsOcJ/aUlMgUtU7hy+lGLAkgRCaoUm3bitFNqUTOBGR5J1EQUzagPWhrGtIAlJuOn8jMA610TT+SukI0x+rviZQGSg0DT3eOTlaz3kj8z2sn6J+5KQ/jBCFkk0V+IkyMzFEiZpdLYCiGmlAmub7VZH0qKUOdW16HYM++PE8axxXbqtg3J6Xq+TSOHCmSfVImNjklVXJJaqROGHkkz+SVvBlPxovxbnxMWheM6cwe+QPj8we6UZgf</latexit> MLP(rel-d)<latexit sha1_base64="rIM4M6cQc6gqIStnHixJxPIqPPg=">AAACBHicbVA9SwNBEN3zM8avU8s0h0GIheFOBC2DNhYKEcwHJGfY25skS/Y+2J0Tw5HCxr9iY6GIrT/Czn/jXpJCEx8MPN6bYWaeFwuu0La/jYXFpeWV1dxafn1jc2vb3NmtqyiRDGosEpFselSB4C HUkKOAZiyBBp6Ahje4yPzGPUjFo/AWhzG4Ae2FvMsZRS11zEI7oNiXQXp9VR3dtREeMC1JEEf+4ahjFu2yPYY1T5wpKZIpqh3zq+1HLAkgRCaoUi3HjtFNqUTOBIzy7URBTNmA9qClaUgDUG46fmJkHWjFt7qR1BWiNVZ/T6Q0UGoYeLozO1nNepn4n9dKsHvmpjyME4SQTRZ1E2FhZGWJWD6XwFAMNaFMcn2rxfpUUoY6t7wOwZl9eZ7Uj8uOXXZuToqV82kcOVIg+6REHHJKKuSSVEmNMPJInskreTOejBfj3fiYtC4Y05k98gfG5w+0OZgb</latexit><latexit sha1_base64="rIM4M6cQc6gqIStnHixJxPIqPPg=">AAACBHicbVA9SwNBEN3zM8avU8s0h0GIheFOBC2DNhYKEcwHJGfY25skS/Y+2J0Tw5HCxr9iY6GIrT/Czn/jXpJCEx8MPN6bYWaeFwuu0La/jYXFpeWV1dxafn1jc2vb3NmtqyiRDGosEpFselSB4C HUkKOAZiyBBp6Ahje4yPzGPUjFo/AWhzG4Ae2FvMsZRS11zEI7oNiXQXp9VR3dtREeMC1JEEf+4ahjFu2yPYY1T5wpKZIpqh3zq+1HLAkgRCaoUi3HjtFNqUTOBIzy7URBTNmA9qClaUgDUG46fmJkHWjFt7qR1BWiNVZ/T6Q0UGoYeLozO1nNepn4n9dKsHvmpjyME4SQTRZ1E2FhZGWJWD6XwFAMNaFMcn2rxfpUUoY6t7wOwZl9eZ7Uj8uOXXZuToqV82kcOVIg+6REHHJKKuSSVEmNMPJInskreTOejBfj3fiYtC4Y05k98gfG5w+0OZgb</latexit><latexit sha1_base64="rIM4M6cQc6gqIStnHixJxPIqPPg=">AAACBHicbVA9SwNBEN3zM8avU8s0h0GIheFOBC2DNhYKEcwHJGfY25skS/Y+2J0Tw5HCxr9iY6GIrT/Czn/jXpJCEx8MPN6bYWaeFwuu0La/jYXFpeWV1dxafn1jc2vb3NmtqyiRDGosEpFselSB4C HUkKOAZiyBBp6Ahje4yPzGPUjFo/AWhzG4Ae2FvMsZRS11zEI7oNiXQXp9VR3dtREeMC1JEEf+4ahjFu2yPYY1T5wpKZIpqh3zq+1HLAkgRCaoUi3HjtFNqUTOBIzy7URBTNmA9qClaUgDUG46fmJkHWjFt7qR1BWiNVZ/T6Q0UGoYeLozO1nNepn4n9dKsHvmpjyME4SQTRZ1E2FhZGWJWD6XwFAMNaFMcn2rxfpUUoY6t7wOwZl9eZ7Uj8uOXXZuToqV82kcOVIg+6REHHJKKuSSVEmNMPJInskreTOejBfj3fiYtC4Y05k98gfG5w+0OZgb</latexit><latexit sha1_base64="rIM4M6cQc6gqIStnHixJxPIqPPg=">AAACBHicbVA9SwNBEN3zM8avU8s0h0GIheFOBC2DNhYKEcwHJGfY25skS/Y+2J0Tw5HCxr9iY6GIrT/Czn/jXpJCEx8MPN6bYWaeFwuu0La/jYXFpeWV1dxafn1jc2vb3NmtqyiRDGosEpFselSB4C HUkKOAZiyBBp6Ahje4yPzGPUjFo/AWhzG4Ae2FvMsZRS11zEI7oNiXQXp9VR3dtREeMC1JEEf+4ahjFu2yPYY1T5wpKZIpqh3zq+1HLAkgRCaoUi3HjtFNqUTOBIzy7URBTNmA9qClaUgDUG46fmJkHWjFt7qR1BWiNVZ/T6Q0UGoYeLozO1nNepn4n9dKsHvmpjyME4SQTRZ1E2FhZGWJWD6XwFAMNaFMcn2rxfpUUoY6t7wOwZl9eZ7Uj8uOXXZuToqV82kcOVIg+6REHHJKKuSSVEmNMPJInskreTOejBfj3fiYtC4Y05k98gfG5w+0OZgb</latexit> MLP(arc-h)<latexit sha1_base64="YOjGCa0F6qzEk1BNKKONGfRv9y8=">AAACBHicbVA7SwNBEJ6Lr3i+opZpDoMQC8OdjTZi0MZCIYJ5QBLD3maTLNl7sDsnhuNAG/+KjYUitrb2dv4bN49CEz8Y+Pi+GWbmc0PBFdr2t5Gam19YXEovmyura+sbmc2tigoiSVmZBiKQNZcoJrjPyshRs FooGfFcwapu/2zoV2+ZVDzwr3EQsqZHuj7vcEpQS61MtuER7EkvvrwoJTcNZHcY54mk+729pJXJ2QV7BGuWOBOSO/k0j+8BoNTKfDXaAY085iMVRKm6Y4fYjIlETgVLzEakWEhon3RZXVOfeEw149ETibWrlbbVCaQuH62R+nsiJp5SA8/VncOT1bQ3FP/z6hF2jpox98MImU/HizqRsDCwholYbS4ZRTHQhFDJ9a0W7RFJKOrcTB2CM/3yLKkcFBy74FzZueIpjJGGLOxAHhw4hCKcQwnKQOEBnuAFXo1H49l4M97HrSljMrMNf2B8/AAUW5nb</latexit><latexit sha1_base64="VRFAl+df+s3jeP+hy0ZWXz/OWc8=">AAACBHicbVA9SwNBEN3zM55fp5ZpDoMQC8OdjTZi0MZCIYL5gNwZ9jabZMneB7tzYjiusPGPWNhYKGJra28j/hv3khSa+GDg8d4MM/O8iDMJlvWtzczOzS8s5pb05ZXVtXVjY7Mmw1gQWiUhD0XDw5JyFtAqM OC0EQmKfY/Tutc/zfz6DRWShcEVDCLq+rgbsA4jGJTUMvKOj6En/OTivJJeO0BvISliQfZ6u2nLKFglawhzmthjUjj+0I+ihy+90jI+nXZIYp8GQDiWsmlbEbgJFsAIp6nuxJJGmPRxlzYVDbBPpZsMn0jNHaW0zU4oVAVgDtXfEwn2pRz4nurMTpaTXib+5zVj6By6CQuiGGhARos6MTchNLNEzDYTlAAfKIKJYOpWk/SwwARUbroKwZ58eZrU9ku2VbIvrUL5BI2QQ3m0jYrIRgeojM5QBVURQXfoET2jF+1ee9JetbdR64w2ntlCf6C9/wAF6ptP</latexit><latexit sha1_base64="VRFAl+df+s3jeP+hy0ZWXz/OWc8=">AAACBHicbVA9SwNBEN3zM55fp5ZpDoMQC8OdjTZi0MZCIYL5gNwZ9jabZMneB7tzYjiusPGPWNhYKGJra28j/hv3khSa+GDg8d4MM/O8iDMJlvWtzczOzS8s5pb05ZXVtXVjY7Mmw1gQWiUhD0XDw5JyFtAqM OC0EQmKfY/Tutc/zfz6DRWShcEVDCLq+rgbsA4jGJTUMvKOj6En/OTivJJeO0BvISliQfZ6u2nLKFglawhzmthjUjj+0I+ihy+90jI+nXZIYp8GQDiWsmlbEbgJFsAIp6nuxJJGmPRxlzYVDbBPpZsMn0jNHaW0zU4oVAVgDtXfEwn2pRz4nurMTpaTXib+5zVj6By6CQuiGGhARos6MTchNLNEzDYTlAAfKIKJYOpWk/SwwARUbroKwZ58eZrU9ku2VbIvrUL5BI2QQ3m0jYrIRgeojM5QBVURQXfoET2jF+1ee9JetbdR64w2ntlCf6C9/wAF6ptP</latexit><latexit sha1_base64="a2kCNsFKIGDGLzmwu91CKpA1QFU=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRahHiyJFz0WvXhQqGA/oI1ls920S3eTsDsRS8jBi3/FiwdFvPojvPlv3LQ5aOuDgcd7M8zM8yLOFNj2t1FYWl5ZXSuulzY2t7Z3zN29lgpjSWiThDyUHQ8ryllAm8CA0 04kKRYep21vfJH57XsqFQuDW5hE1BV4GDCfEQxa6pvlnsAwkiK5vmqkdz2gD5BUsSTHo6O0b1bsmj2FtUicnFRQjkbf/OoNQhILGgDhWKmuY0fgJlgCI5ympV6saITJGA9pV9MAC6rcZPpEah1qZWD5odQVgDVVf08kWCg1EZ7uzE5W814m/ud1Y/DP3IQFUQw0ILNFfswtCK0sEWvAJCXAJ5pgIpm+1SIjLDEBnVtJh+DMv7xIWic1x645N3alfp7HUURldICqyEGnqI4uUQM1EUGP6Bm9ojfjyXgx3o2PWWvByGf20R8Ynz+lFJgO</latexit> MLP(arc-d)<latexit sha1_base64="Y4EQEDwfsGNGdjkNN2qdWSx5ZSM=">AAACBHicbVA7SwNBEJ6Lr3i+opZpDoMQC8OdjTZi0MZCIYJ5QBLD3maTLNl7sDsnhuNAG/+KjYUitrb2dv4bN49CEz8Y+Pi+GWbmc0PBFdr2t5Gam19YXEovmyura+sbmc2tigoiSVmZBiKQNZcoJrjPyshRs FooGfFcwapu/2zoV2+ZVDzwr3EQsqZHuj7vcEpQS61MtuER7EkvvrwoJTcNZHcY54mk++29pJXJ2QV7BGuWOBOSO/k0j+8BoNTKfDXaAY085iMVRKm6Y4fYjIlETgVLzEakWEhon3RZXVOfeEw149ETibWrlbbVCaQuH62R+nsiJp5SA8/VncOT1bQ3FP/z6hF2jpox98MImU/HizqRsDCwholYbS4ZRTHQhFDJ9a0W7RFJKOrcTB2CM/3yLKkcFBy74FzZueIpjJGGLOxAHhw4hCKcQwnKQOEBnuAFXo1H49l4M97HrSljMrMNf2B8/AAOQ5nX</latexit><latexit sha1_base64="AgCIdrGtDzGRC4O2PEAO+x8zTUg=">AAACBHicbVA9SwNBEN3zM55fUcs0i0GIheHORhsxaGOhEMF8QC6Gvc1esmTvg905MRwpbPwjFjYWitja2tuI/8a9JIUmPhh4vDfDzDw3ElyBZX0bM7Nz8wuLmSVzeWV1bT27sVlVYSwpq9BQhLLuEsUED1gFO AhWjyQjvitYze2dpn7thknFw+AK+hFr+qQTcI9TAlpqZXOOT6Ar/eTivDy4doDdQlIgku61dwetbN4qWkPgaWKPSf74wzyKHr7Mciv76bRDGvssACqIUg3biqCZEAmcCjYwnVixiNAe6bCGpgHxmWomwycGeEcrbeyFUlcAeKj+nkiIr1Tfd3VnerKa9FLxP68Rg3fYTHgQxcACOlrkxQJDiNNEcJtLRkH0NSFUcn0rpl0iCQWdm6lDsCdfnibV/aJtFe1LK186QSNkUA5towKy0QEqoTNURhVE0R16RM/oxbg3noxX423UOmOMZ7bQHxjvP//Dm0s=</latexit><latexit sha1_base64="AgCIdrGtDzGRC4O2PEAO+x8zTUg=">AAACBHicbVA9SwNBEN3zM55fUcs0i0GIheHORhsxaGOhEMF8QC6Gvc1esmTvg905MRwpbPwjFjYWitja2tuI/8a9JIUmPhh4vDfDzDw3ElyBZX0bM7Nz8wuLmSVzeWV1bT27sVlVYSwpq9BQhLLuEsUED1gFO AhWjyQjvitYze2dpn7thknFw+AK+hFr+qQTcI9TAlpqZXOOT6Ar/eTivDy4doDdQlIgku61dwetbN4qWkPgaWKPSf74wzyKHr7Mciv76bRDGvssACqIUg3biqCZEAmcCjYwnVixiNAe6bCGpgHxmWomwycGeEcrbeyFUlcAeKj+nkiIr1Tfd3VnerKa9FLxP68Rg3fYTHgQxcACOlrkxQJDiNNEcJtLRkH0NSFUcn0rpl0iCQWdm6lDsCdfnibV/aJtFe1LK186QSNkUA5towKy0QEqoTNURhVE0R16RM/oxbg3noxX423UOmOMZ7bQHxjvP//Dm0s=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLF fbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="CbK09Lol6bl24Se0Xitj7o5+3MM=">AAAB+XicbZDNSsNAFIVv6l+tVaPbboJFqAtL4kaXghsXChVsKzSxTCaTdujkh5kbsYQu3Pgqblwo4ou4822ctF1o64GBj3NmmHuPnwqu0La/jdLK6tr6RnmzslXd3tk196odlWSSsjZNRCLvfKKY4DFrI0fB7 lLJSOQL1vVHF0XefWBS8SS+xXHKvIgMYh5ySlBbfbPmRgSHMsqvr1qTexfZI+YNIulxcDTpm3W7aU9lLYMzhzrM1eqbX26Q0CxiMVJBlOo5dopeTiRyKtik4maKpYSOyID1NMYkYsrLp0tMrEPtBFaYSH1itKbu7xc5iZQaR76+WYysFrPC/C/rZRieeTmP0wxZTGcfhZmwMLGKRqyAS0ZRjDUQKrme1aJDIglF3VtFl+AsrrwMnZOmYzedGxvKUIMDaIADp3AOl9CCNlB4ghd4g3fj2Xg1PmZ1lYx5b/vwR8bnDxbYlp8=</latexit><latexit sha1_base64="CbK09Lol6bl24Se0Xitj7o5+3MM=">AAAB+XicbZDNSsNAFIVv6l+tVaPbboJFqAtL4kaXghsXChVsKzSxTCaTdujkh5kbsYQu3Pgqblwo4ou4822ctF1o64GBj3NmmHuPnwqu0La/jdLK6tr6RnmzslXd3tk196odlWSSsjZNRCLvfKKY4DFrI0fB7 lLJSOQL1vVHF0XefWBS8SS+xXHKvIgMYh5ySlBbfbPmRgSHMsqvr1qTexfZI+YNIulxcDTpm3W7aU9lLYMzhzrM1eqbX26Q0CxiMVJBlOo5dopeTiRyKtik4maKpYSOyID1NMYkYsrLp0tMrEPtBFaYSH1itKbu7xc5iZQaR76+WYysFrPC/C/rZRieeTmP0wxZTGcfhZmwMLGKRqyAS0ZRjDUQKrme1aJDIglF3VtFl+AsrrwMnZOmYzedGxvKUIMDaIADp3AOl9CCNlB4ghd4g3fj2Xg1PmZ1lYx5b/vwR8bnDxbYlp8=</latexit><latexit sha1_base64="ICkaXSL7mB1kO9wQPSJboJ3ZHOo=">AAACBHicbVC7TsNAEDyHVwgvA2UaiwgpFEQ2DZQRNBQgBYk8pNhE5/M5OeX80N0aEVkuaPgVGgoQouUj6PgbzokLSBhppdHMrnZ33JgzCab5rZWWlldW18rrlY3Nre0dfXevI6NEENomEY9Ez8WSchbSNjDgt BcLigOX0647vsj97j0VkkXhLUxi6gR4GDKfEQxKGuhVO8AwEkF6fdXK7mygD5DWsSDH3lE20Gtmw5zCWCRWQWqoQGugf9leRJKAhkA4lrJvmTE4KRbACKdZxU4kjTEZ4yHtKxrigEonnT6RGYdK8Qw/EqpCMKbq74kUB1JOAld15ifLeS8X//P6CfhnTsrCOAEaktkiP+EGREaeiOExQQnwiSKYCKZuNcgIC0xA5VZRIVjzLy+SzknDMhvWjVlrnhdxlFEVHaA6stApaqJL1EJtRNAjekav6E170l60d+1j1lrSipl99Afa5w+e/JgK</latexit><latexit sha1_base64="ICkaXSL7mB1kO9wQPSJboJ3ZHOo=">AAACBHicbVC7TsNAEDyHVwgvA2UaiwgpFEQ2DZQRNBQgBYk8pNhE5/M5OeX80N0aEVkuaPgVGgoQouUj6PgbzokLSBhppdHMrnZ33JgzCab5rZWWlldW18rrlY3Nre0dfXevI6NEENomEY9Ez8WSchbSNjDgt BcLigOX0647vsj97j0VkkXhLUxi6gR4GDKfEQxKGuhVO8AwEkF6fdXK7mygD5DWsSDH3lE20Gtmw5zCWCRWQWqoQGugf9leRJKAhkA4lrJvmTE4KRbACKdZxU4kjTEZ4yHtKxrigEonnT6RGYdK8Qw/EqpCMKbq74kUB1JOAld15ifLeS8X//P6CfhnTsrCOAEaktkiP+EGREaeiOExQQnwiSKYCKZuNcgIC0xA5VZRIVjzLy+SzknDMhvWjVlrnhdxlFEVHaA6stApaqJL1EJtRNAjekav6E170l60d+1j1lrSipl99Afa5w+e/JgK</latexit><latexit sha1_base64="AgCIdrGtDzGRC4O2PEAO+x8zTUg=">AAACBHicbVA9SwNBEN3zM55fUcs0i0GIheHORhsxaGOhEMF8QC6Gvc1esmTvg905MRwpbPwjFjYWitja2tuI/8a9JIUmPhh4vDfDzDw3ElyBZX0bM7Nz8wuLmSVzeWV1bT27sVlVYSwpq9BQhLLuEsUED1gFO AhWjyQjvitYze2dpn7thknFw+AK+hFr+qQTcI9TAlpqZXOOT6Ar/eTivDy4doDdQlIgku61dwetbN4qWkPgaWKPSf74wzyKHr7Mciv76bRDGvssACqIUg3biqCZEAmcCjYwnVixiNAe6bCGpgHxmWomwycGeEcrbeyFUlcAeKj+nkiIr1Tfd3VnerKa9FLxP68Rg3fYTHgQxcACOlrkxQJDiNNEcJtLRkH0NSFUcn0rpl0iCQWdm6lDsCdfnibV/aJtFe1LK186QSNkUA5towKy0QEqoTNURhVE0R16RM/oxbg3noxX423UOmOMZ7bQHxjvP//Dm0s=</latexit><latexit sha1_base64="AgCIdrGtDzGRC4O2PEAO+x8zTUg=">AAACBHicbVA9SwNBEN3zM55fUcs0i0GIheHORhsxaGOhEMF8QC6Gvc1esmTvg905MRwpbPwjFjYWitja2tuI/8a9JIUmPhh4vDfDzDw3ElyBZX0bM7Nz8wuLmSVzeWV1bT27sVlVYSwpq9BQhLLuEsUED1gFO AhWjyQjvitYze2dpn7thknFw+AK+hFr+qQTcI9TAlpqZXOOT6Ar/eTivDy4doDdQlIgku61dwetbN4qWkPgaWKPSf74wzyKHr7Mciv76bRDGvssACqIUg3biqCZEAmcCjYwnVixiNAe6bCGpgHxmWomwycGeEcrbeyFUlcAeKj+nkiIr1Tfd3VnerKa9FLxP68Rg3fYTHgQxcACOlrkxQJDiNNEcJtLRkH0NSFUcn0rpl0iCQWdm6lDsCdfnibV/aJtFe1LK186QSNkUA5towKy0QEqoTNURhVE0R16RM/oxbg3noxX423UOmOMZ7bQHxjvP//Dm0s=</latexit><latexit sha1_base64="AgCIdrGtDzGRC4O2PEAO+x8zTUg=">AAACBHicbVA9SwNBEN3zM55fUcs0i0GIheHORhsxaGOhEMF8QC6Gvc1esmTvg905MRwpbPwjFjYWitja2tuI/8a9JIUmPhh4vDfDzDw3ElyBZX0bM7Nz8wuLmSVzeWV1bT27sVlVYSwpq9BQhLLuEsUED1gFO AhWjyQjvitYze2dpn7thknFw+AK+hFr+qQTcI9TAlpqZXOOT6Ar/eTivDy4doDdQlIgku61dwetbN4qWkPgaWKPSf74wzyKHr7Mciv76bRDGvssACqIUg3biqCZEAmcCjYwnVixiNAe6bCGpgHxmWomwycGeEcrbeyFUlcAeKj+nkiIr1Tfd3VnerKa9FLxP68Rg3fYTHgQxcACOlrkxQJDiNNEcJtLRkH0NSFUcn0rpl0iCQWdm6lDsCdfnibV/aJtFe1LK186QSNkUA5towKy0QEqoTNURhVE0R16RM/oxbg3noxX423UOmOMZ7bQHxjvP//Dm0s=</latexit><latexit sha1_base64="AgCIdrGtDzGRC4O2PEAO+x8zTUg=">AAACBHicbVA9SwNBEN3zM55fUcs0i0GIheHORhsxaGOhEMF8QC6Gvc1esmTvg905MRwpbPwjFjYWitja2tuI/8a9JIUmPhh4vDfDzDw3ElyBZX0bM7Nz8wuLmSVzeWV1bT27sVlVYSwpq9BQhLLuEsUED1gFO AhWjyQjvitYze2dpn7thknFw+AK+hFr+qQTcI9TAlpqZXOOT6Ar/eTivDy4doDdQlIgku61dwetbN4qWkPgaWKPSf74wzyKHr7Mciv76bRDGvssACqIUg3biqCZEAmcCjYwnVixiNAe6bCGpgHxmWomwycGeEcrbeyFUlcAeKj+nkiIr1Tfd3VnerKa9FLxP68Rg3fYTHgQxcACOlrkxQJDiNNEcJtLRkH0NSFUcn0rpl0iCQWdm6lDsCdfnibV/aJtFe1LK186QSNkUA5towKy0QEqoTNURhVE0R16RM/oxbg3noxX423UOmOMZ7bQHxjvP//Dm0s=</latexit><latexit sha1_base64="ICkaXSL7mB1kO9wQPSJboJ3ZHOo=">AAACBHicbVC7TsNAEDyHVwgvA2UaiwgpFEQ2DZQRNBQgBYk8pNhE5/M5OeX80N0aEVkuaPgVGgoQouUj6PgbzokLSBhppdHMrnZ33JgzCab5rZWWlldW18rrlY3Nre0dfXevI6NEENomEY9Ez8WSchbSNjDgt BcLigOX0647vsj97j0VkkXhLUxi6gR4GDKfEQxKGuhVO8AwEkF6fdXK7mygD5DWsSDH3lE20Gtmw5zCWCRWQWqoQGugf9leRJKAhkA4lrJvmTE4KRbACKdZxU4kjTEZ4yHtKxrigEonnT6RGYdK8Qw/EqpCMKbq74kUB1JOAld15ifLeS8X//P6CfhnTsrCOAEaktkiP+EGREaeiOExQQnwiSKYCKZuNcgIC0xA5VZRIVjzLy+SzknDMhvWjVlrnhdxlFEVHaA6stApaqJL1EJtRNAjekav6E170l60d+1j1lrSipl99Afa5w+e/JgK</latexit>MLP
(rel-h)
<latexit sha1_base64="IjgzhNAevdm1uSwW9WMqOdKM1nA=">AAACBHicbVDJSgNBEO1xjXGLesxlMAjxYJgRQY9BLx4UIpgFMmPo6dQkTXoWumvEMMzBi7/ixYMiXv0Ib/6NneWgiQ8KHu9VUVXPiwVXaFnfxsLi0vLKam4tv76xubVd2N ltqCiRDOosEpFseVSB4CHUkaOAViyBBp6Apje4GPnNe5CKR+EtDmNwA9oLuc8ZRS11CkUnoNiXQXp9VcvuHIQHTMsSxFH/MOsUSlbFGsOcJ/aUlMgUtU7hy+lGLAkgRCaoUm3bitFNqUTOBGR5J1EQUzagPWhrGtIAlJuOn8jMA610TT+SukI0x+rviZQGSg0DT3eOTlaz3kj8z2sn6J+5KQ/jBCFkk0V+IkyMzFEiZpdLYCiGmlAmub7VZH0qKUOdW16HYM++PE8axxXbqtg3J6Xq+TSOHCmSfVImNjklVXJJaqROGHkkz+SVvBlPxovxbnxMWheM6cwe+QPj8we6UZgf</latexit><latexit sha1_base64="IjgzhNAevdm1uSwW9WMqOdKM1nA=">AAACBHicbVDJSgNBEO1xjXGLesxlMAjxYJgRQY9BLx4UIpgFMmPo6dQkTXoWumvEMMzBi7/ixYMiXv0Ib/6NneWgiQ8KHu9VUVXPiwVXaFnfxsLi0vLKam4tv76xubVd2N ltqCiRDOosEpFseVSB4CHUkaOAViyBBp6Apje4GPnNe5CKR+EtDmNwA9oLuc8ZRS11CkUnoNiXQXp9VcvuHIQHTMsSxFH/MOsUSlbFGsOcJ/aUlMgUtU7hy+lGLAkgRCaoUm3bitFNqUTOBGR5J1EQUzagPWhrGtIAlJuOn8jMA610TT+SukI0x+rviZQGSg0DT3eOTlaz3kj8z2sn6J+5KQ/jBCFkk0V+IkyMzFEiZpdLYCiGmlAmub7VZH0qKUOdW16HYM++PE8axxXbqtg3J6Xq+TSOHCmSfVImNjklVXJJaqROGHkkz+SVvBlPxovxbnxMWheM6cwe+QPj8we6UZgf</latexit><latexit sha1_base64="IjgzhNAevdm1uSwW9WMqOdKM1nA=">AAACBHicbVDJSgNBEO1xjXGLesxlMAjxYJgRQY9BLx4UIpgFMmPo6dQkTXoWumvEMMzBi7/ixYMiXv0Ib/6NneWgiQ8KHu9VUVXPiwVXaFnfxsLi0vLKam4tv76xubVd2N ltqCiRDOosEpFseVSB4CHUkaOAViyBBp6Apje4GPnNe5CKR+EtDmNwA9oLuc8ZRS11CkUnoNiXQXp9VcvuHIQHTMsSxFH/MOsUSlbFGsOcJ/aUlMgUtU7hy+lGLAkgRCaoUm3bitFNqUTOBGR5J1EQUzagPWhrGtIAlJuOn8jMA610TT+SukI0x+rviZQGSg0DT3eOTlaz3kj8z2sn6J+5KQ/jBCFkk0V+IkyMzFEiZpdLYCiGmlAmub7VZH0qKUOdW16HYM++PE8axxXbqtg3J6Xq+TSOHCmSfVImNjklVXJJaqROGHkkz+SVvBlPxovxbnxMWheM6cwe+QPj8we6UZgf</latexit><latexit sha1_base64="IjgzhNAevdm1uSwW9WMqOdKM1nA=">AAACBHicbVDJSgNBEO1xjXGLesxlMAjxYJgRQY9BLx4UIpgFMmPo6dQkTXoWumvEMMzBi7/ixYMiXv0Ib/6NneWgiQ8KHu9VUVXPiwVXaFnfxsLi0vLKam4tv76xubVd2N ltqCiRDOosEpFseVSB4CHUkaOAViyBBp6Apje4GPnNe5CKR+EtDmNwA9oLuc8ZRS11CkUnoNiXQXp9VcvuHIQHTMsSxFH/MOsUSlbFGsOcJ/aUlMgUtU7hy+lGLAkgRCaoUm3bitFNqUTOBGR5J1EQUzagPWhrGtIAlJuOn8jMA610TT+SukI0x+rviZQGSg0DT3eOTlaz3kj8z2sn6J+5KQ/jBCFkk0V+IkyMzFEiZpdLYCiGmlAmub7VZH0qKUOdW16HYM++PE8axxXbqtg3J6Xq+TSOHCmSfVImNjklVXJJaqROGHkkz+SVvBlPxovxbnxMWheM6cwe+QPj8we6UZgf</latexit> MLP(rel-d)<latexit sha1_base64="rIM4M6cQc6gqIStnHixJxPIqPPg=">AAACBHicbVA9SwNBEN3zM8avU8s0h0GIheFOBC2DNhYKEcwHJGfY25skS/Y+2J0Tw5HCxr9iY6GIrT/Czn/jXpJCEx8MPN6bYWaeFwuu0La/jYXFpeWV1dxafn1jc2vb3NmtqyiRDGosEpFselSB4C HUkKOAZiyBBp6Ahje4yPzGPUjFo/AWhzG4Ae2FvMsZRS11zEI7oNiXQXp9VR3dtREeMC1JEEf+4ahjFu2yPYY1T5wpKZIpqh3zq+1HLAkgRCaoUi3HjtFNqUTOBIzy7URBTNmA9qClaUgDUG46fmJkHWjFt7qR1BWiNVZ/T6Q0UGoYeLozO1nNepn4n9dKsHvmpjyME4SQTRZ1E2FhZGWJWD6XwFAMNaFMcn2rxfpUUoY6t7wOwZl9eZ7Uj8uOXXZuToqV82kcOVIg+6REHHJKKuSSVEmNMPJInskreTOejBfj3fiYtC4Y05k98gfG5w+0OZgb</latexit><latexit sha1_base64="rIM4M6cQc6gqIStnHixJxPIqPPg=">AAACBHicbVA9SwNBEN3zM8avU8s0h0GIheFOBC2DNhYKEcwHJGfY25skS/Y+2J0Tw5HCxr9iY6GIrT/Czn/jXpJCEx8MPN6bYWaeFwuu0La/jYXFpeWV1dxafn1jc2vb3NmtqyiRDGosEpFselSB4C HUkKOAZiyBBp6Ahje4yPzGPUjFo/AWhzG4Ae2FvMsZRS11zEI7oNiXQXp9VR3dtREeMC1JEEf+4ahjFu2yPYY1T5wpKZIpqh3zq+1HLAkgRCaoUi3HjtFNqUTOBIzy7URBTNmA9qClaUgDUG46fmJkHWjFt7qR1BWiNVZ/T6Q0UGoYeLozO1nNepn4n9dKsHvmpjyME4SQTRZ1E2FhZGWJWD6XwFAMNaFMcn2rxfpUUoY6t7wOwZl9eZ7Uj8uOXXZuToqV82kcOVIg+6REHHJKKuSSVEmNMPJInskreTOejBfj3fiYtC4Y05k98gfG5w+0OZgb</latexit><latexit sha1_base64="rIM4M6cQc6gqIStnHixJxPIqPPg=">AAACBHicbVA9SwNBEN3zM8avU8s0h0GIheFOBC2DNhYKEcwHJGfY25skS/Y+2J0Tw5HCxr9iY6GIrT/Czn/jXpJCEx8MPN6bYWaeFwuu0La/jYXFpeWV1dxafn1jc2vb3NmtqyiRDGosEpFselSB4C HUkKOAZiyBBp6Ahje4yPzGPUjFo/AWhzG4Ae2FvMsZRS11zEI7oNiXQXp9VR3dtREeMC1JEEf+4ahjFu2yPYY1T5wpKZIpqh3zq+1HLAkgRCaoUi3HjtFNqUTOBIzy7URBTNmA9qClaUgDUG46fmJkHWjFt7qR1BWiNVZ/T6Q0UGoYeLozO1nNepn4n9dKsHvmpjyME4SQTRZ1E2FhZGWJWD6XwFAMNaFMcn2rxfpUUoY6t7wOwZl9eZ7Uj8uOXXZuToqV82kcOVIg+6REHHJKKuSSVEmNMPJInskreTOejBfj3fiYtC4Y05k98gfG5w+0OZgb</latexit><latexit sha1_base64="rIM4M6cQc6gqIStnHixJxPIqPPg=">AAACBHicbVA9SwNBEN3zM8avU8s0h0GIheFOBC2DNhYKEcwHJGfY25skS/Y+2J0Tw5HCxr9iY6GIrT/Czn/jXpJCEx8MPN6bYWaeFwuu0La/jYXFpeWV1dxafn1jc2vb3NmtqyiRDGosEpFselSB4C HUkKOAZiyBBp6Ahje4yPzGPUjFo/AWhzG4Ae2FvMsZRS11zEI7oNiXQXp9VR3dtREeMC1JEEf+4ahjFu2yPYY1T5wpKZIpqh3zq+1HLAkgRCaoUi3HjtFNqUTOBIzy7URBTNmA9qClaUgDUG46fmJkHWjFt7qR1BWiNVZ/T6Q0UGoYeLozO1nNepn4n9dKsHvmpjyME4SQTRZ1E2FhZGWJWD6XwFAMNaFMcn2rxfpUUoY6t7wOwZl9eZ7Uj8uOXXZuToqV82kcOVIg+6REHHJKKuSSVEmNMPJInskreTOejBfj3fiYtC4Y05k98gfG5w+0OZgb</latexit>
h
(arc-h)
i
<latexit sha1_base64="N//8xrSvSGCpxA97wr9SzeXV fQg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAh1YUlE0GXRjcsK9gFNDJPppBk6eTBzI5aQhRt/xY0LRdz6Ee78GydtF tp64MLhnHu59x4v4UyCaX5rS8srq2vrlY3q5tb2zq6+t9+VcSoI7ZCYx6LvYUk5i2gHGHDaTwTFocdpzxtfFX7vngrJ 4ugWJgl1QjyKmM8IBiW5es0OMQSenwW5y+5soA+QNbAgJ8Fx7up1s2lOYSwSqyR1VKLt6l/2MCZpSCMgHEs5sMwEnAw LYITTvGqnkiaYjPGIDhSNcEilk02fyI0jpQwNPxaqIjCm6u+JDIdSTkJPdRYny3mvEP/zBin4F07GoiQFGpHZIj/lBs RGkYgxZIIS4BNFMBFM3WqQAAtMQOVWVSFY8y8vku5p0zKb1s1ZvXVZxlFBNXSIGshC56iFrlEbdRBBj+gZvaI37Ul70 d61j1nrklbOHKA/0D5/APIjmEI=</latexit><latexit sha1_base64="N//8xrSvSGCpxA97wr9SzeXV fQg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAh1YUlE0GXRjcsK9gFNDJPppBk6eTBzI5aQhRt/xY0LRdz6Ee78GydtF tp64MLhnHu59x4v4UyCaX5rS8srq2vrlY3q5tb2zq6+t9+VcSoI7ZCYx6LvYUk5i2gHGHDaTwTFocdpzxtfFX7vngrJ 4ugWJgl1QjyKmM8IBiW5es0OMQSenwW5y+5soA+QNbAgJ8Fx7up1s2lOYSwSqyR1VKLt6l/2MCZpSCMgHEs5sMwEnAw LYITTvGqnkiaYjPGIDhSNcEilk02fyI0jpQwNPxaqIjCm6u+JDIdSTkJPdRYny3mvEP/zBin4F07GoiQFGpHZIj/lBs RGkYgxZIIS4BNFMBFM3WqQAAtMQOVWVSFY8y8vku5p0zKb1s1ZvXVZxlFBNXSIGshC56iFrlEbdRBBj+gZvaI37Ul70 d61j1nrklbOHKA/0D5/APIjmEI=</latexit><latexit sha1_base64="N//8xrSvSGCpxA97wr9SzeXV fQg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAh1YUlE0GXRjcsK9gFNDJPppBk6eTBzI5aQhRt/xY0LRdz6Ee78GydtF tp64MLhnHu59x4v4UyCaX5rS8srq2vrlY3q5tb2zq6+t9+VcSoI7ZCYx6LvYUk5i2gHGHDaTwTFocdpzxtfFX7vngrJ 4ugWJgl1QjyKmM8IBiW5es0OMQSenwW5y+5soA+QNbAgJ8Fx7up1s2lOYSwSqyR1VKLt6l/2MCZpSCMgHEs5sMwEnAw LYITTvGqnkiaYjPGIDhSNcEilk02fyI0jpQwNPxaqIjCm6u+JDIdSTkJPdRYny3mvEP/zBin4F07GoiQFGpHZIj/lBs RGkYgxZIIS4BNFMBFM3WqQAAtMQOVWVSFY8y8vku5p0zKb1s1ZvXVZxlFBNXSIGshC56iFrlEbdRBBj+gZvaI37Ul70 d61j1nrklbOHKA/0D5/APIjmEI=</latexit><latexit sha1_base64="N//8xrSvSGCpxA97wr9SzeXV fQg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAh1YUlE0GXRjcsK9gFNDJPppBk6eTBzI5aQhRt/xY0LRdz6Ee78GydtF tp64MLhnHu59x4v4UyCaX5rS8srq2vrlY3q5tb2zq6+t9+VcSoI7ZCYx6LvYUk5i2gHGHDaTwTFocdpzxtfFX7vngrJ 4ugWJgl1QjyKmM8IBiW5es0OMQSenwW5y+5soA+QNbAgJ8Fx7up1s2lOYSwSqyR1VKLt6l/2MCZpSCMgHEs5sMwEnAw LYITTvGqnkiaYjPGIDhSNcEilk02fyI0jpQwNPxaqIjCm6u+JDIdSTkJPdRYny3mvEP/zBin4F07GoiQFGpHZIj/lBs RGkYgxZIIS4BNFMBFM3WqQAAtMQOVWVSFY8y8vku5p0zKb1s1ZvXVZxlFBNXSIGshC56iFrlEbdRBBj+gZvaI37Ul70 d61j1nrklbOHKA/0D5/APIjmEI=</latexit>
h
(arc-d)
i
<latexit sha1_base64="7WBV7w4a3vg7riL1Wjnbjziw2gg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAh1YUlE0GX RjcsK9gFNDJPJpB06eTBzI5aQhRt/xY0LRdz6Ee78GydtFtp64MLhnHu59x4v4UyCaX5rS8srq2vrlY3q5tb2zq6+t9+VcSoI7ZCYx6LvYUk5i2gHGHDaTwTFocdpzxtfFX7vngrJ4ugWJgl1QjyMWMAIBiW5es0OMYy8IBvlLruzgT5A1sCCn PjHuavXzaY5hbFIrJLUUYm2q3/ZfkzSkEZAOJZyYJkJOBkWwAinedVOJU0wGeMhHSga4ZBKJ5s+kRtHSvGNIBaqIjCm6u+JDIdSTkJPdRYny3mvEP/zBikEF07GoiQFGpHZoiDlBsRGkYjhM0EJ8IkimAimbjXICAtMQOVWVSFY8y8vku5p0zK b1s1ZvXVZxlFBNXSIGshC56iFrlEbdRBBj+gZvaI37Ul70d61j1nrklbOHKA/0D5/AOwLmD4=</latexit><latexit sha1_base64="7WBV7w4a3vg7riL1Wjnbjziw2gg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAh1YUlE0GX RjcsK9gFNDJPJpB06eTBzI5aQhRt/xY0LRdz6Ee78GydtFtp64MLhnHu59x4v4UyCaX5rS8srq2vrlY3q5tb2zq6+t9+VcSoI7ZCYx6LvYUk5i2gHGHDaTwTFocdpzxtfFX7vngrJ4ugWJgl1QjyMWMAIBiW5es0OMYy8IBvlLruzgT5A1sCCn PjHuavXzaY5hbFIrJLUUYm2q3/ZfkzSkEZAOJZyYJkJOBkWwAinedVOJU0wGeMhHSga4ZBKJ5s+kRtHSvGNIBaqIjCm6u+JDIdSTkJPdRYny3mvEP/zBikEF07GoiQFGpHZoiDlBsRGkYjhM0EJ8IkimAimbjXICAtMQOVWVSFY8y8vku5p0zK b1s1ZvXVZxlFBNXSIGshC56iFrlEbdRBBj+gZvaI37Ul70d61j1nrklbOHKA/0D5/AOwLmD4=</latexit><latexit sha1_base64="7WBV7w4a3vg7riL1Wjnbjziw2gg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAh1YUlE0GX RjcsK9gFNDJPJpB06eTBzI5aQhRt/xY0LRdz6Ee78GydtFtp64MLhnHu59x4v4UyCaX5rS8srq2vrlY3q5tb2zq6+t9+VcSoI7ZCYx6LvYUk5i2gHGHDaTwTFocdpzxtfFX7vngrJ4ugWJgl1QjyMWMAIBiW5es0OMYy8IBvlLruzgT5A1sCCn PjHuavXzaY5hbFIrJLUUYm2q3/ZfkzSkEZAOJZyYJkJOBkWwAinedVOJU0wGeMhHSga4ZBKJ5s+kRtHSvGNIBaqIjCm6u+JDIdSTkJPdRYny3mvEP/zBikEF07GoiQFGpHZoiDlBsRGkYjhM0EJ8IkimAimbjXICAtMQOVWVSFY8y8vku5p0zK b1s1ZvXVZxlFBNXSIGshC56iFrlEbdRBBj+gZvaI37Ul70d61j1nrklbOHKA/0D5/AOwLmD4=</latexit><latexit sha1_base64="7WBV7w4a3vg7riL1Wjnbjziw2gg=">AAACBHicbVDLSsNAFJ34rPUVddlNsAh1YUlE0GX RjcsK9gFNDJPJpB06eTBzI5aQhRt/xY0LRdz6Ee78GydtFtp64MLhnHu59x4v4UyCaX5rS8srq2vrlY3q5tb2zq6+t9+VcSoI7ZCYx6LvYUk5i2gHGHDaTwTFocdpzxtfFX7vngrJ4ugWJgl1QjyMWMAIBiW5es0OMYy8IBvlLruzgT5A1sCCn PjHuavXzaY5hbFIrJLUUYm2q3/ZfkzSkEZAOJZyYJkJOBkWwAinedVOJU0wGeMhHSga4ZBKJ5s+kRtHSvGNIBaqIjCm6u+JDIdSTkJPdRYny3mvEP/zBikEF07GoiQFGpHZoiDlBsRGkYjhM0EJ8IkimAimbjXICAtMQOVWVSFY8y8vku5p0zK b1s1ZvXVZxlFBNXSIGshC56iFrlEbdRBBj+gZvaI37Ul70d61j1nrklbOHKA/0D5/AOwLmD4=</latexit>
U (arc)
<latexit sha1_base64="G49G4Au6i2BFAFDk9UXB6agY PXs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoigh6LXjxWMG2hjWWz3bRLN5uwOymWkH/ixYMiXv0n3vw3btsctP XBwOO9md2ZFySCa3Ccb6u0tr6xuVXeruzs7u0f2IdHLR2nijKPxiJWnYBoJrhkHnAQrJMoRqJAsHYwvp357QlTmsfyAa YJ8yMylDzklICR+rbtPWa1HrAnyIii+Xnet6tO3ZkDrxK3IFVUoNm3v3qDmKYRk0AF0brrOgn45jXgVLC80ks1Swgdky HrGipJxLSfzTfP8ZlRBjiMlSkJeK7+nshIpPU0CkxnRGCkl72Z+J/XTSG89jMukxSYpIuPwlRgiPEsBjzgilEQU0MIVd zsiumIKELBhFUxIbjLJ6+S1kXdderu/WW1cVPEUUYn6BTVkIuuUAPdoSbyEEUT9Ixe0ZuVWS/Wu/WxaC1Zxcwx+gPr8w eKyZOW</latexit><latexit sha1_base64="G49G4Au6i2BFAFDk9UXB6agY PXs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoigh6LXjxWMG2hjWWz3bRLN5uwOymWkH/ixYMiXv0n3vw3btsctP XBwOO9md2ZFySCa3Ccb6u0tr6xuVXeruzs7u0f2IdHLR2nijKPxiJWnYBoJrhkHnAQrJMoRqJAsHYwvp357QlTmsfyAa YJ8yMylDzklICR+rbtPWa1HrAnyIii+Xnet6tO3ZkDrxK3IFVUoNm3v3qDmKYRk0AF0brrOgn45jXgVLC80ks1Swgdky HrGipJxLSfzTfP8ZlRBjiMlSkJeK7+nshIpPU0CkxnRGCkl72Z+J/XTSG89jMukxSYpIuPwlRgiPEsBjzgilEQU0MIVd zsiumIKELBhFUxIbjLJ6+S1kXdderu/WW1cVPEUUYn6BTVkIuuUAPdoSbyEEUT9Ixe0ZuVWS/Wu/WxaC1Zxcwx+gPr8w eKyZOW</latexit><latexit sha1_base64="G49G4Au6i2BFAFDk9UXB6agY PXs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoigh6LXjxWMG2hjWWz3bRLN5uwOymWkH/ixYMiXv0n3vw3btsctP XBwOO9md2ZFySCa3Ccb6u0tr6xuVXeruzs7u0f2IdHLR2nijKPxiJWnYBoJrhkHnAQrJMoRqJAsHYwvp357QlTmsfyAa YJ8yMylDzklICR+rbtPWa1HrAnyIii+Xnet6tO3ZkDrxK3IFVUoNm3v3qDmKYRk0AF0brrOgn45jXgVLC80ks1Swgdky HrGipJxLSfzTfP8ZlRBjiMlSkJeK7+nshIpPU0CkxnRGCkl72Z+J/XTSG89jMukxSYpIuPwlRgiPEsBjzgilEQU0MIVd zsiumIKELBhFUxIbjLJ6+S1kXdderu/WW1cVPEUUYn6BTVkIuuUAPdoSbyEEUT9Ixe0ZuVWS/Wu/WxaC1Zxcwx+gPr8w eKyZOW</latexit><latexit sha1_base64="G49G4Au6i2BFAFDk9UXB6agY PXs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoigh6LXjxWMG2hjWWz3bRLN5uwOymWkH/ixYMiXv0n3vw3btsctP XBwOO9md2ZFySCa3Ccb6u0tr6xuVXeruzs7u0f2IdHLR2nijKPxiJWnYBoJrhkHnAQrJMoRqJAsHYwvp357QlTmsfyAa YJ8yMylDzklICR+rbtPWa1HrAnyIii+Xnet6tO3ZkDrxK3IFVUoNm3v3qDmKYRk0AF0brrOgn45jXgVLC80ks1Swgdky HrGipJxLSfzTfP8ZlRBjiMlSkJeK7+nshIpPU0CkxnRGCkl72Z+J/XTSG89jMukxSYpIuPwlRgiPEsBjzgilEQU0MIVd zsiumIKELBhFUxIbjLJ6+S1kXdderu/WW1cVPEUUYn6BTVkIuuUAPdoSbyEEUT9Ixe0ZuVWS/Wu/WxaC1Zxcwx+gPr8w eKyZOW</latexit>
S(arc)
<latexit sha1_base64="+ot6oejuNGzY7LaAZNxuOF2iJ6Q=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BItQLyURQY9F Lx4r2g9o07LZTtqlm03Ynagl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tnIrq2vrG/nNwtb2zu5ecf+goaNEMaizSESq5VMNgkuoI0cBrVgBDX0BTX90PfWbD6A0j+Q9jmPwQjqQPOCMopG6d90OwhOmZarY6aRXLDkVZwZ7mbgZKZEM tV7xq9OPWBKCRCao1m3XidFLqULOBEwKnURDTNmIDqBtqKQhaC+dXT2xT4zSt4NImZJoz9TfEykNtR6HvukMKQ71ojcV//PaCQaXXsplnCBINl8UJMLGyJ5GYPe5AoZibAhliptbbTakijI0QRVMCO7iy8ukcVZxnYp7e16qXmVx5MkROSZl4pIL UiU3pEbqhBFFnskrebMerRfr3fqYt+asbOaQ/IH1+QNC6pJX</latexit><latexit sha1_base64="+ot6oejuNGzY7LaAZNxuOF2iJ6Q=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BItQLyURQY9F Lx4r2g9o07LZTtqlm03Ynagl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tnIrq2vrG/nNwtb2zu5ecf+goaNEMaizSESq5VMNgkuoI0cBrVgBDX0BTX90PfWbD6A0j+Q9jmPwQjqQPOCMopG6d90OwhOmZarY6aRXLDkVZwZ7mbgZKZEM tV7xq9OPWBKCRCao1m3XidFLqULOBEwKnURDTNmIDqBtqKQhaC+dXT2xT4zSt4NImZJoz9TfEykNtR6HvukMKQ71ojcV//PaCQaXXsplnCBINl8UJMLGyJ5GYPe5AoZibAhliptbbTakijI0QRVMCO7iy8ukcVZxnYp7e16qXmVx5MkROSZl4pIL UiU3pEbqhBFFnskrebMerRfr3fqYt+asbOaQ/IH1+QNC6pJX</latexit><latexit sha1_base64="+ot6oejuNGzY7LaAZNxuOF2iJ6Q=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BItQLyURQY9F Lx4r2g9o07LZTtqlm03Ynagl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tnIrq2vrG/nNwtb2zu5ecf+goaNEMaizSESq5VMNgkuoI0cBrVgBDX0BTX90PfWbD6A0j+Q9jmPwQjqQPOCMopG6d90OwhOmZarY6aRXLDkVZwZ7mbgZKZEM tV7xq9OPWBKCRCao1m3XidFLqULOBEwKnURDTNmIDqBtqKQhaC+dXT2xT4zSt4NImZJoz9TfEykNtR6HvukMKQ71ojcV//PaCQaXXsplnCBINl8UJMLGyJ5GYPe5AoZibAhliptbbTakijI0QRVMCO7iy8ukcVZxnYp7e16qXmVx5MkROSZl4pIL UiU3pEbqhBFFnskrebMerRfr3fqYt+asbOaQ/IH1+QNC6pJX</latexit><latexit sha1_base64="+ot6oejuNGzY7LaAZNxuOF2iJ6Q=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BItQLyURQY9F Lx4r2g9o07LZTtqlm03Ynagl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fiy4Rsf5tnIrq2vrG/nNwtb2zu5ecf+goaNEMaizSESq5VMNgkuoI0cBrVgBDX0BTX90PfWbD6A0j+Q9jmPwQjqQPOCMopG6d90OwhOmZarY6aRXLDkVZwZ7mbgZKZEM tV7xq9OPWBKCRCao1m3XidFLqULOBEwKnURDTNmIDqBtqKQhaC+dXT2xT4zSt4NImZJoz9TfEykNtR6HvukMKQ71ojcV//PaCQaXXsplnCBINl8UJMLGyJ5GYPe5AoZibAhliptbbTakijI0QRVMCO7iy8ukcVZxnYp7e16qXmVx5MkROSZl4pIL UiU3pEbqhBFFnskrebMerRfr3fqYt+asbOaQ/IH1+QNC6pJX</latexit>
(U rel1 , . . . ,U relm )<latexit sha1_base64="iolv4 FcFRkC/SqckzMhDm/6NtLc=">AAACJXicbVDLSgNBEJyNrxhfUY9eB oMQQcKuCHrwEPTiMYJ5QDaG2UknGTL7YKZXDEt+xou/4sWDQQRP/o qzSQ4xsWGYoqqa7i4vkkKjbX9bmZXVtfWN7GZua3tndy+/f1DTYaw4 VHkoQ9XwmAYpAqiiQAmNSAHzPQl1b3Cb6vUnUFqEwQMOI2j5rBeIru AMDdXOXxddn2GfM5lUR23n0UV4xkSBHJ1RV3ZC1Oafc/hzjtN2vmC X7EnRZeDMQIHMqtLOj91OyGMfAuSSad107AhbCVMouIRRzo01RIwPW A+aBgbMB91KJleO6IlhOrQbKvMCpBN2viNhvtZD3zPOdGG9qKXkf1 ozxu5VKxFBFCMEfDqoG0uKIU0jox2hgKMcGsC4EmZXyvtMMY4m2JwJ wVk8eRnUzkuOXXLuLwrlm1kcWXJEjkmROOSSlMkdqZAq4eSFvJEPM rZerXfr0/qaWjPWrOeQ/Cnr5xchDKZE</latexit><latexit sha1_base64="iolv4 FcFRkC/SqckzMhDm/6NtLc=">AAACJXicbVDLSgNBEJyNrxhfUY9eB oMQQcKuCHrwEPTiMYJ5QDaG2UknGTL7YKZXDEt+xou/4sWDQQRP/o qzSQ4xsWGYoqqa7i4vkkKjbX9bmZXVtfWN7GZua3tndy+/f1DTYaw4 VHkoQ9XwmAYpAqiiQAmNSAHzPQl1b3Cb6vUnUFqEwQMOI2j5rBeIru AMDdXOXxddn2GfM5lUR23n0UV4xkSBHJ1RV3ZC1Oafc/hzjtN2vmC X7EnRZeDMQIHMqtLOj91OyGMfAuSSad107AhbCVMouIRRzo01RIwPW A+aBgbMB91KJleO6IlhOrQbKvMCpBN2viNhvtZD3zPOdGG9qKXkf1 ozxu5VKxFBFCMEfDqoG0uKIU0jox2hgKMcGsC4EmZXyvtMMY4m2JwJ wVk8eRnUzkuOXXLuLwrlm1kcWXJEjkmROOSSlMkdqZAq4eSFvJEPM rZerXfr0/qaWjPWrOeQ/Cnr5xchDKZE</latexit><latexit sha1_base64="iolv4 FcFRkC/SqckzMhDm/6NtLc=">AAACJXicbVDLSgNBEJyNrxhfUY9eB oMQQcKuCHrwEPTiMYJ5QDaG2UknGTL7YKZXDEt+xou/4sWDQQRP/o qzSQ4xsWGYoqqa7i4vkkKjbX9bmZXVtfWN7GZua3tndy+/f1DTYaw4 VHkoQ9XwmAYpAqiiQAmNSAHzPQl1b3Cb6vUnUFqEwQMOI2j5rBeIru AMDdXOXxddn2GfM5lUR23n0UV4xkSBHJ1RV3ZC1Oafc/hzjtN2vmC X7EnRZeDMQIHMqtLOj91OyGMfAuSSad107AhbCVMouIRRzo01RIwPW A+aBgbMB91KJleO6IlhOrQbKvMCpBN2viNhvtZD3zPOdGG9qKXkf1 ozxu5VKxFBFCMEfDqoG0uKIU0jox2hgKMcGsC4EmZXyvtMMY4m2JwJ wVk8eRnUzkuOXXLuLwrlm1kcWXJEjkmROOSSlMkdqZAq4eSFvJEPM rZerXfr0/qaWjPWrOeQ/Cnr5xchDKZE</latexit><latexit sha1_base64="iolv4 FcFRkC/SqckzMhDm/6NtLc=">AAACJXicbVDLSgNBEJyNrxhfUY9eB oMQQcKuCHrwEPTiMYJ5QDaG2UknGTL7YKZXDEt+xou/4sWDQQRP/o qzSQ4xsWGYoqqa7i4vkkKjbX9bmZXVtfWN7GZua3tndy+/f1DTYaw4 VHkoQ9XwmAYpAqiiQAmNSAHzPQl1b3Cb6vUnUFqEwQMOI2j5rBeIru AMDdXOXxddn2GfM5lUR23n0UV4xkSBHJ1RV3ZC1Oafc/hzjtN2vmC X7EnRZeDMQIHMqtLOj91OyGMfAuSSad107AhbCVMouIRRzo01RIwPW A+aBgbMB91KJleO6IlhOrQbKvMCpBN2viNhvtZD3zPOdGG9qKXkf1 ozxu5VKxFBFCMEfDqoG0uKIU0jox2hgKMcGsC4EmZXyvtMMY4m2JwJ wVk8eRnUzkuOXXLuLwrlm1kcWXJEjkmROOSSlMkdqZAq4eSFvJEPM rZerXfr0/qaWjPWrOeQ/Cnr5xchDKZE</latexit> S(rel)
<latexit sha1_base64="ZcimdXLtcmUhUvfNHgBhif1F/NE=">AAACAnicbVBNS8NAEN34WetX1ZN4CRahXkoigh6L XjxWtB/QxLLZTtqlmw92J2IJwYt/xYsHRbz6K7z5b9y2OWjrg4HHezPMzPNiwRVa1rexsLi0vLJaWCuub2xubZd2dpsqSiSDBotEJNseVSB4CA3kKKAdS6CBJ6DlDS/HfusepOJReIujGNyA9kPuc0ZRS93SvhNQHHh+epPdpQ7CA6YVCeI4y7ql slW1JjDniZ2TMslR75a+nF7EkgBCZIIq1bGtGN2USuRMQFZ0EgUxZUPah46mIQ1Auenkhcw80krP9COpK0Rzov6eSGmg1CjwdOf4YDXrjcX/vE6C/rmb8jBOEEI2XeQnwsTIHOdh9rgEhmKkCWWS61tNNqCSMtSpFXUI9uzL86R5UrWtqn19Wq5d 5HEUyAE5JBVikzNSI1ekThqEkUfyTF7Jm/FkvBjvxse0dcHIZ/bIHxifP+6Fl8E=</latexit><latexit sha1_base64="ZcimdXLtcmUhUvfNHgBhif1F/NE=">AAACAnicbVBNS8NAEN34WetX1ZN4CRahXkoigh6L XjxWtB/QxLLZTtqlmw92J2IJwYt/xYsHRbz6K7z5b9y2OWjrg4HHezPMzPNiwRVa1rexsLi0vLJaWCuub2xubZd2dpsqSiSDBotEJNseVSB4CA3kKKAdS6CBJ6DlDS/HfusepOJReIujGNyA9kPuc0ZRS93SvhNQHHh+epPdpQ7CA6YVCeI4y7ql slW1JjDniZ2TMslR75a+nF7EkgBCZIIq1bGtGN2USuRMQFZ0EgUxZUPah46mIQ1Auenkhcw80krP9COpK0Rzov6eSGmg1CjwdOf4YDXrjcX/vE6C/rmb8jBOEEI2XeQnwsTIHOdh9rgEhmKkCWWS61tNNqCSMtSpFXUI9uzL86R5UrWtqn19Wq5d 5HEUyAE5JBVikzNSI1ekThqEkUfyTF7Jm/FkvBjvxse0dcHIZ/bIHxifP+6Fl8E=</latexit><latexit sha1_base64="ZcimdXLtcmUhUvfNHgBhif1F/NE=">AAACAnicbVBNS8NAEN34WetX1ZN4CRahXkoigh6L XjxWtB/QxLLZTtqlmw92J2IJwYt/xYsHRbz6K7z5b9y2OWjrg4HHezPMzPNiwRVa1rexsLi0vLJaWCuub2xubZd2dpsqSiSDBotEJNseVSB4CA3kKKAdS6CBJ6DlDS/HfusepOJReIujGNyA9kPuc0ZRS93SvhNQHHh+epPdpQ7CA6YVCeI4y7ql slW1JjDniZ2TMslR75a+nF7EkgBCZIIq1bGtGN2USuRMQFZ0EgUxZUPah46mIQ1Auenkhcw80krP9COpK0Rzov6eSGmg1CjwdOf4YDXrjcX/vE6C/rmb8jBOEEI2XeQnwsTIHOdh9rgEhmKkCWWS61tNNqCSMtSpFXUI9uzL86R5UrWtqn19Wq5d 5HEUyAE5JBVikzNSI1ekThqEkUfyTF7Jm/FkvBjvxse0dcHIZ/bIHxifP+6Fl8E=</latexit><latexit sha1_base64="ZcimdXLtcmUhUvfNHgBhif1F/NE=">AAACAnicbVBNS8NAEN34WetX1ZN4CRahXkoigh6L XjxWtB/QxLLZTtqlmw92J2IJwYt/xYsHRbz6K7z5b9y2OWjrg4HHezPMzPNiwRVa1rexsLi0vLJaWCuub2xubZd2dpsqSiSDBotEJNseVSB4CA3kKKAdS6CBJ6DlDS/HfusepOJReIujGNyA9kPuc0ZRS93SvhNQHHh+epPdpQ7CA6YVCeI4y7ql slW1JjDniZ2TMslR75a+nF7EkgBCZIIq1bGtGN2USuRMQFZ0EgUxZUPah46mIQ1Auenkhcw80krP9COpK0Rzov6eSGmg1CjwdOf4YDXrjcX/vE6C/rmb8jBOEEI2XeQnwsTIHOdh9rgEhmKkCWWS61tNNqCSMtSpFXUI9uzL86R5UrWtqn19Wq5d 5HEUyAE5JBVikzNSI1ekThqEkUfyTF7Jm/FkvBjvxse0dcHIZ/bIHxifP+6Fl8E=</latexit>
1
1
1
1
H(rel-h)>
<latexit sha1_base64="7 fgQVZEXRBTJReV6lmXMh4YIUDo=">AAAB/3icbVDLSgNBE JyNrxhfq4IXL4tBiAfDrgh6DHrJMYJ5QBLD7KSTDJmdXWZ 6xbDuwV/x4kERr/6GN//GyeOgiQUNRVU33V1+JLhG1/22M kvLK6tr2fXcxubW9o69u1fTYawYVFkoQtXwqQbBJVSRo4B GpIAGvoC6P7we+/V7UJqH8hZHEbQD2pe8xxlFI3Xsg/JdU mghPGCiQJwO0pMWhlHasfNu0Z3AWSTejOTJDJWO/dXqhiw OQCITVOum50bYTqhCzgSkuVasIaJsSPvQNFTSAHQ7mdyfO sdG6Tq9UJmS6EzU3xMJDbQeBb7pDCgO9Lw3Fv/zmjH2Lts Jl1GMINl0US8WDobOOAynyxUwFCNDKFPc3OqwAVWUoYksZ 0Lw5l9eJLWzoucWvZvzfOlqFkeWHJIjUiAeuSAlUiYVUiW MPJJn8krerCfrxXq3PqatGWs2s0/+wPr8AQJjlhY=</lat exit><latexit sha1_base64="7 fgQVZEXRBTJReV6lmXMh4YIUDo=">AAAB/3icbVDLSgNBE JyNrxhfq4IXL4tBiAfDrgh6DHrJMYJ5QBLD7KSTDJmdXWZ 6xbDuwV/x4kERr/6GN//GyeOgiQUNRVU33V1+JLhG1/22M kvLK6tr2fXcxubW9o69u1fTYawYVFkoQtXwqQbBJVSRo4B GpIAGvoC6P7we+/V7UJqH8hZHEbQD2pe8xxlFI3Xsg/JdU mghPGCiQJwO0pMWhlHasfNu0Z3AWSTejOTJDJWO/dXqhiw OQCITVOum50bYTqhCzgSkuVasIaJsSPvQNFTSAHQ7mdyfO sdG6Tq9UJmS6EzU3xMJDbQeBb7pDCgO9Lw3Fv/zmjH2Lts Jl1GMINl0US8WDobOOAynyxUwFCNDKFPc3OqwAVWUoYksZ 0Lw5l9eJLWzoucWvZvzfOlqFkeWHJIjUiAeuSAlUiYVUiW MPJJn8krerCfrxXq3PqatGWs2s0/+wPr8AQJjlhY=</lat exit><latexit sha1_base64="7 fgQVZEXRBTJReV6lmXMh4YIUDo=">AAAB/3icbVDLSgNBE JyNrxhfq4IXL4tBiAfDrgh6DHrJMYJ5QBLD7KSTDJmdXWZ 6xbDuwV/x4kERr/6GN//GyeOgiQUNRVU33V1+JLhG1/22M kvLK6tr2fXcxubW9o69u1fTYawYVFkoQtXwqQbBJVSRo4B GpIAGvoC6P7we+/V7UJqH8hZHEbQD2pe8xxlFI3Xsg/JdU mghPGCiQJwO0pMWhlHasfNu0Z3AWSTejOTJDJWO/dXqhiw OQCITVOum50bYTqhCzgSkuVasIaJsSPvQNFTSAHQ7mdyfO sdG6Tq9UJmS6EzU3xMJDbQeBb7pDCgO9Lw3Fv/zmjH2Lts Jl1GMINl0US8WDobOOAynyxUwFCNDKFPc3OqwAVWUoYksZ 0Lw5l9eJLWzoucWvZvzfOlqFkeWHJIjUiAeuSAlUiYVUiW MPJJn8krerCfrxXq3PqatGWs2s0/+wPr8AQJjlhY=</lat exit><latexit sha1_base64="7 fgQVZEXRBTJReV6lmXMh4YIUDo=">AAAB/3icbVDLSgNBE JyNrxhfq4IXL4tBiAfDrgh6DHrJMYJ5QBLD7KSTDJmdXWZ 6xbDuwV/x4kERr/6GN//GyeOgiQUNRVU33V1+JLhG1/22M kvLK6tr2fXcxubW9o69u1fTYawYVFkoQtXwqQbBJVSRo4B GpIAGvoC6P7we+/V7UJqH8hZHEbQD2pe8xxlFI3Xsg/JdU mghPGCiQJwO0pMWhlHasfNu0Z3AWSTejOTJDJWO/dXqhiw OQCITVOum50bYTqhCzgSkuVasIaJsSPvQNFTSAHQ7mdyfO sdG6Tq9UJmS6EzU3xMJDbQeBb7pDCgO9Lw3Fv/zmjH2Lts Jl1GMINl0US8WDobOOAynyxUwFCNDKFPc3OqwAVWUoYksZ 0Lw5l9eJLWzoucWvZvzfOlqFkeWHJIjUiAeuSAlUiYVUiW MPJJn8krerCfrxXq3PqatGWs2s0/+wPr8AQJjlhY=</lat exit>
H(arc-h)>
<latexit sha1_base64="D RcJ2TbMa0D8fF973K+zHxo2sEQ=">AAAB/3icbVBNS8NAE N3Ur1q/ooIXL8Ei1IMlEUGPRS89VrAf0MSy2W7apZtN2J2 IJebgX/HiQRGv/g1v/hu3bQ7a+mDg8d4MM/P8mDMFtv1tF JaWV1bXiuuljc2t7R1zd6+lokQS2iQRj2THx4pyJmgTGHD aiSXFoc9p2x9dT/z2PZWKReIWxjH1QjwQLGAEg5Z65kH9L nWBPkBawZKcDk8yF6I465llu2pPYS0SJydllKPRM7/cfkS SkAogHCvVdewYvBRLYITTrOQmisaYjPCAdjUVOKTKS6f3Z 9axVvpWEEldAqyp+nsixaFS49DXnSGGoZr3JuJ/XjeB4NJ LmYgToILMFgUJtyCyJmFYfSYpAT7WBBPJ9K0WGWKJCejIS joEZ/7lRdI6qzp21bk5L9eu8jiK6BAdoQpy0AWqoTpqoCY i6BE9o1f0ZjwZL8a78TFrLRj5zD76A+PzB+9ulgk=</lat exit><latexit sha1_base64="D RcJ2TbMa0D8fF973K+zHxo2sEQ=">AAAB/3icbVBNS8NAE N3Ur1q/ooIXL8Ei1IMlEUGPRS89VrAf0MSy2W7apZtN2J2 IJebgX/HiQRGv/g1v/hu3bQ7a+mDg8d4MM/P8mDMFtv1tF JaWV1bXiuuljc2t7R1zd6+lokQS2iQRj2THx4pyJmgTGHD aiSXFoc9p2x9dT/z2PZWKReIWxjH1QjwQLGAEg5Z65kH9L nWBPkBawZKcDk8yF6I465llu2pPYS0SJydllKPRM7/cfkS SkAogHCvVdewYvBRLYITTrOQmisaYjPCAdjUVOKTKS6f3Z 9axVvpWEEldAqyp+nsixaFS49DXnSGGoZr3JuJ/XjeB4NJ LmYgToILMFgUJtyCyJmFYfSYpAT7WBBPJ9K0WGWKJCejIS joEZ/7lRdI6qzp21bk5L9eu8jiK6BAdoQpy0AWqoTpqoCY i6BE9o1f0ZjwZL8a78TFrLRj5zD76A+PzB+9ulgk=</lat exit><latexit sha1_base64="D RcJ2TbMa0D8fF973K+zHxo2sEQ=">AAAB/3icbVBNS8NAE N3Ur1q/ooIXL8Ei1IMlEUGPRS89VrAf0MSy2W7apZtN2J2 IJebgX/HiQRGv/g1v/hu3bQ7a+mDg8d4MM/P8mDMFtv1tF JaWV1bXiuuljc2t7R1zd6+lokQS2iQRj2THx4pyJmgTGHD aiSXFoc9p2x9dT/z2PZWKReIWxjH1QjwQLGAEg5Z65kH9L nWBPkBawZKcDk8yF6I465llu2pPYS0SJydllKPRM7/cfkS SkAogHCvVdewYvBRLYITTrOQmisaYjPCAdjUVOKTKS6f3Z 9axVvpWEEldAqyp+nsixaFS49DXnSGGoZr3JuJ/XjeB4NJ LmYgToILMFgUJtyCyJmFYfSYpAT7WBBPJ9K0WGWKJCejIS joEZ/7lRdI6qzp21bk5L9eu8jiK6BAdoQpy0AWqoTpqoCY i6BE9o1f0ZjwZL8a78TFrLRj5zD76A+PzB+9ulgk=</lat exit><latexit sha1_base64="D RcJ2TbMa0D8fF973K+zHxo2sEQ=">AAAB/3icbVBNS8NAE N3Ur1q/ooIXL8Ei1IMlEUGPRS89VrAf0MSy2W7apZtN2J2 IJebgX/HiQRGv/g1v/hu3bQ7a+mDg8d4MM/P8mDMFtv1tF JaWV1bXiuuljc2t7R1zd6+lokQS2iQRj2THx4pyJmgTGHD aiSXFoc9p2x9dT/z2PZWKReIWxjH1QjwQLGAEg5Z65kH9L nWBPkBawZKcDk8yF6I465llu2pPYS0SJydllKPRM7/cfkS SkAogHCvVdewYvBRLYITTrOQmisaYjPCAdjUVOKTKS6f3Z 9axVvpWEEldAqyp+nsixaFS49DXnSGGoZr3JuJ/XjeB4NJ LmYgToILMFgUJtyCyJmFYfSYpAT7WBBPJ9K0WGWKJCejIS joEZ/7lRdI6qzp21bk5L9eu8jiK6BAdoQpy0AWqoTpqoCY i6BE9o1f0ZjwZL8a78TFrLRj5zD76A+PzB+9ulgk=</lat exit>
H(arc-d)
<latexit sha1_base64="cqUe5Y+GgATu5iNvaTGQPtXj w30=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sigh6LXnqsYD+gjWWz2bZLN5uwO5GWkL/ixYMiXv0j3vw3btsctP XBwOO9GWbm+bHgGhzn21pb39jc2i7sFHf39g8O7aNSS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/vpv57SemNI/kA0 xj5oVkKPmAUwJG6tul+mPaAzaBtEIUvQjOs6xvl52qMwdeJW5OyihHo29/9YKIJiGTQAXRuus6MXgpUcCpYFmxl2gWEz omQ9Y1VJKQaS+d357hM6MEeBApUxLwXP09kZJQ62nom86QwEgvezPxP6+bwODGS7mME2CSLhYNEoEhwrMgcMAVoyCmhh CquLkV0xFRhIKJq2hCcJdfXiWty6rrVN37q3LtNo+jgE7QKaogF12jGqqjBmoiiiboGb2iNyuzXqx362PRumblM8foD6 zPH6nXlC4=</latexit><latexit sha1_base64="cqUe5Y+GgATu5iNvaTGQPtXj w30=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sigh6LXnqsYD+gjWWz2bZLN5uwO5GWkL/ixYMiXv0j3vw3btsctP XBwOO9GWbm+bHgGhzn21pb39jc2i7sFHf39g8O7aNSS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/vpv57SemNI/kA0 xj5oVkKPmAUwJG6tul+mPaAzaBtEIUvQjOs6xvl52qMwdeJW5OyihHo29/9YKIJiGTQAXRuus6MXgpUcCpYFmxl2gWEz omQ9Y1VJKQaS+d357hM6MEeBApUxLwXP09kZJQ62nom86QwEgvezPxP6+bwODGS7mME2CSLhYNEoEhwrMgcMAVoyCmhh CquLkV0xFRhIKJq2hCcJdfXiWty6rrVN37q3LtNo+jgE7QKaogF12jGqqjBmoiiiboGb2iNyuzXqx362PRumblM8foD6 zPH6nXlC4=</latexit><latexit sha1_base64="cqUe5Y+GgATu5iNvaTGQPtXj w30=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sigh6LXnqsYD+gjWWz2bZLN5uwO5GWkL/ixYMiXv0j3vw3btsctP XBwOO9GWbm+bHgGhzn21pb39jc2i7sFHf39g8O7aNSS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/vpv57SemNI/kA0 xj5oVkKPmAUwJG6tul+mPaAzaBtEIUvQjOs6xvl52qMwdeJW5OyihHo29/9YKIJiGTQAXRuus6MXgpUcCpYFmxl2gWEz omQ9Y1VJKQaS+d357hM6MEeBApUxLwXP09kZJQ62nom86QwEgvezPxP6+bwODGS7mME2CSLhYNEoEhwrMgcMAVoyCmhh CquLkV0xFRhIKJq2hCcJdfXiWty6rrVN37q3LtNo+jgE7QKaogF12jGqqjBmoiiiboGb2iNyuzXqx362PRumblM8foD6 zPH6nXlC4=</latexit><latexit sha1_base64="cqUe5Y+GgATu5iNvaTGQPtXj w30=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sigh6LXnqsYD+gjWWz2bZLN5uwO5GWkL/ixYMiXv0j3vw3btsctP XBwOO9GWbm+bHgGhzn21pb39jc2i7sFHf39g8O7aNSS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/vpv57SemNI/kA0 xj5oVkKPmAUwJG6tul+mPaAzaBtEIUvQjOs6xvl52qMwdeJW5OyihHo29/9YKIJiGTQAXRuus6MXgpUcCpYFmxl2gWEz omQ9Y1VJKQaS+d357hM6MEeBApUxLwXP09kZJQ62nom86QwEgvezPxP6+bwODGS7mME2CSLhYNEoEhwrMgcMAVoyCmhh CquLkV0xFRhIKJq2hCcJdfXiWty6rrVN37q3LtNo+jgE7QKaogF12jGqqjBmoiiiboGb2iNyuzXqx362PRumblM8foD6 zPH6nXlC4=</latexit>
H(rel-d)
<latexit sha1_base64="W2Ax7yUnc/ApKPBs3KpsMsdB aE4=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUgyURQY9FLz1WsB/QxrLZTNulmw92J9IS8le8eFDEq3/Em//GbZuDtj 4YeLw3w8w8LxZcoW1/G2vrG5tb24Wd4u7e/sGheVRqqSiRDJosEpHseFSB4CE0kaOATiyBBp6Atje+m/ntJ5CKR+EDTm NwAzoM+YAzilrqm6X6Y1rpIUwwlSAu/Ow865tlu2rPYa0SJydlkqPRN796fsSSAEJkgirVdewY3ZRK5ExAVuwlCmLKxn QIXU1DGoBy0/ntmXWmFd8aRFJXiNZc/T2R0kCpaeDpzoDiSC17M/E/r5vg4MZNeRgnCCFbLBokwsLImgVh+VwCQzHVhD LJ9a0WG1FJGeq4ijoEZ/nlVdK6rDp21bm/Ktdu8zgK5ISckgpxyDWpkTppkCZhZEKeySt5MzLjxXg3Phata0Y+c0z+wP j8AbyJlDs=</latexit><latexit sha1_base64="W2Ax7yUnc/ApKPBs3KpsMsdB aE4=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUgyURQY9FLz1WsB/QxrLZTNulmw92J9IS8le8eFDEq3/Em//GbZuDtj 4YeLw3w8w8LxZcoW1/G2vrG5tb24Wd4u7e/sGheVRqqSiRDJosEpHseFSB4CE0kaOATiyBBp6Atje+m/ntJ5CKR+EDTm NwAzoM+YAzilrqm6X6Y1rpIUwwlSAu/Ow865tlu2rPYa0SJydlkqPRN796fsSSAEJkgirVdewY3ZRK5ExAVuwlCmLKxn QIXU1DGoBy0/ntmXWmFd8aRFJXiNZc/T2R0kCpaeDpzoDiSC17M/E/r5vg4MZNeRgnCCFbLBokwsLImgVh+VwCQzHVhD LJ9a0WG1FJGeq4ijoEZ/nlVdK6rDp21bm/Ktdu8zgK5ISckgpxyDWpkTppkCZhZEKeySt5MzLjxXg3Phata0Y+c0z+wP j8AbyJlDs=</latexit><latexit sha1_base64="W2Ax7yUnc/ApKPBs3KpsMsdB aE4=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUgyURQY9FLz1WsB/QxrLZTNulmw92J9IS8le8eFDEq3/Em//GbZuDtj 4YeLw3w8w8LxZcoW1/G2vrG5tb24Wd4u7e/sGheVRqqSiRDJosEpHseFSB4CE0kaOATiyBBp6Atje+m/ntJ5CKR+EDTm NwAzoM+YAzilrqm6X6Y1rpIUwwlSAu/Ow865tlu2rPYa0SJydlkqPRN796fsSSAEJkgirVdewY3ZRK5ExAVuwlCmLKxn QIXU1DGoBy0/ntmXWmFd8aRFJXiNZc/T2R0kCpaeDpzoDiSC17M/E/r5vg4MZNeRgnCCFbLBokwsLImgVh+VwCQzHVhD LJ9a0WG1FJGeq4ijoEZ/nlVdK6rDp21bm/Ktdu8zgK5ISckgpxyDWpkTppkCZhZEKeySt5MzLjxXg3Phata0Y+c0z+wP j8AbyJlDs=</latexit><latexit sha1_base64="W2Ax7yUnc/ApKPBs3KpsMsdB aE4=">AAAB+3icbVBNS8NAEN34WetXrEcvwSLUgyURQY9FLz1WsB/QxrLZTNulmw92J9IS8le8eFDEq3/Em//GbZuDtj 4YeLw3w8w8LxZcoW1/G2vrG5tb24Wd4u7e/sGheVRqqSiRDJosEpHseFSB4CE0kaOATiyBBp6Atje+m/ntJ5CKR+EDTm NwAzoM+YAzilrqm6X6Y1rpIUwwlSAu/Ow865tlu2rPYa0SJydlkqPRN796fsSSAEJkgirVdewY3ZRK5ExAVuwlCmLKxn QIXU1DGoBy0/ntmXWmFd8aRFJXiNZc/T2R0kCpaeDpzoDiSC17M/E/r5vg4MZNeRgnCCFbLBokwsLImgVh+VwCQzHVhD LJ9a0WG1FJGeq4ijoEZ/nlVdK6rDp21bm/Ktdu8zgK5ISckgpxyDWpkTppkCZhZEKeySt5MzLjxXg3Phata0Y+c0z+wP j8AbyJlDs=</latexit> (H(rel-h)  H(rel-d))>
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Figure 8: The overview of our transformer-based biaffine dependency parsing model.
of tokens in a sentence); these matrices together are
used to predict dependency relations among every
token pairs. Note that bias terms are appended to
the feature vectors h(*-d)i that represent dependent
nodes to estimate the likelihood of a certain relation
given only the head node:
H (arc-h) = (h(arc-h)1 , . . . ,h
(arc-h)
n ) ∈ Rk×n
H (arc-d) = (h(arc-d)1 , . . . ,h
(arc-d)
n )⊕ 1 ∈ R(k+1)×n
H (rel-h) = (h(rel-h)1 , . . . ,h
(rel-h)
n ) ∈ Rl×n
H (rel-d) = (h(rel-d)1 , . . . ,h
(rel-d)
n )⊕ 1 ∈ R(l+1)×n
The bilinear and biaffine classifiers are then used
for the arc and label predictions respectively, where
U (arc), U (rel)i and V
(rel) are trainable parameters,
and m is the number of dependency labels. In par-
ticular, a separate weight matrix U (rel)i is dedicated
for the prediction of each label:
S(arc) = H (arc-h)> · U (arc) ·H (arc-d) ∈ Rn×n
U (rel)i = H(rel-h)> · U (rel)i ·H(rel-d) ∈ Rn×n
S(rel) = (U (rel)1 , . . . ,U (rel)m )
+ (H(rel-h) ⊕H(rel-d))> · V (rel) ∈ Rm×n×n
Once the arc score matrix S(arc) and the label score
tensor S(rel) are generated by those classifiers, the
Chu-Liu-Edmond’s maximum spanning tree (MST)
algorithm is applied to S(arc) for the arc prediction,
then the label with largest score in S(rel) correspond-
ing to the arc is taken for the label prediction:
arc = MST(S(arc))
label = argmax(S(rel)[index(arc)])
6 Experiments
To extrinsically assess the quality of our revision,
parsing models are separately developed on PKT-
UD v2018 and v2020; in other words, v2018 mod-
els are trained and evaluated on PKT-UD v2018
whereas v2020 models are trained and evaluated
on PKT-UD v2020. The transformer-based parsing
approach in Section 5 is used to develop all models.
For each version of the corpus, three models are
developed by initializing neural weights with dif-
ferent random seeds and the average accuracy and
its standard deviation is reported for each version.
The entire corpus is divided into the training (TRN),
development (DEV), and evaluation (TST) sets by
following the 80/10/10% split (Table 4).
TRN DEV TST
# of Sentences 4,010 501 500
# of Tokens 105,947 13,088 13,023
Table 4: Statistics of the data split.
The multilingual BERT4 is used as the transformer
encoder in our parsing models (Devlin et al., 2019).
All models are optimized by the sum of softmax
cross-entropy losses on the gold dependency heads
and labels. AdamW (Loshchilov and Hutter, 2019)
is used as the optimizer with the learning rate of
5e-06 for the BERT weights and 5e-05 for the rest.
The learning rate is scheduled as a combination of
both linear warm-up and decay phases. The models
are trained for 100 epochs with a batch size of 150.
Following the standard practice, we evaluate our
best models with the unicode punctuation ignored
using the unlabeled attachment score (UAS) and
the labeled attachment score (LAS).
4https://github.com/google-research/bert/
blob/master/multilingual.md
Table 5 shows the results achieved by the v2018
and v2020 models. The v2020 model shows a sig-
nificantly improvement of 3.0% in LAS over the
v2018 model. This makes sense because the major
parts of the revision are dedicated to DEPREL con-
sistency, yielding more robust parsing performance
in labeling. The v2020 model also gives a good im-
provement of 0.6% in finding dependency arcs. The
improved parsing results ensure the higher quality
annotation in PKT-UD v2020 that is encouraging.
UAS LAS
v2018 90.7 (±0.2) 86.0 (±0.1)
v2020 91.3 (±0.1) 89.0 (±0.1)
Table 5: Results by the v2018 and v2020 models.
7 Error analysis
PKT-UD v2018 We perform an error analysis on
the parsing outputs generated by the v2018 model.
Our analysis shows that the head error occurred in
1,360 Eojeols and the label error occurred in 4,292
Eojeols. Table 6 shows the distribution of head
and label errors per label based on the revised test
set. The relations advcl, nummod, acl, and obl
have a high error rate, which are due to the inconsis-
tencies seen in the data we handled by establishing
clear criteria. Moreover, the labels goeswith and
flat saw 100% error, again, due to the errors we
observed during the revision process.
DEPREL Error Percentage
obl 1,294 30.15%
acl 961 22.39%
nummod 777 18.1%
advcl 462 10.76%
goeswith 203 4.73%
conj 99 2.31%
compound 96 2.24%
flat 91 2.12%
ccomp 77 1.79%
etc 232 5.41%
Total 4,292 100%
Table 6: DEPREL error of PKT-UD v2018.
There is an observable trend in these errors. For
example, a number of error cases report advcl as
xcomp, conj, or ccomp while nummod tends to
be wrongly parsed to compound, acl to ccomp,
and obl to advcl. Multiple cases of parsing er-
rors due to errors in the UPOS are also found. Incor-
rect UPOS appears to commit errors while allocat-
ing edge and DEPREL. The annotation guideline
based on XPOS is already described in Section 4.
PKT-UD v2020 After revising the data accord-
ing to the criteria presented in Section 4, many
improvements have been made. The error rate
of advcl decreased from 98.93% to 2.36%, the
nummod also decreased significantly from 97.37%
to 0.5%, and the acl error from 86.73% to 0.9%.
The error rate of obl was also reduced from
79.14% to 5.5%. In addition, the error rate is re-
duced for goeswith and flat. In the case of
ccomp, errors decreased by more than 35% from
44.51% to 8.67%. These results is indicative of
the effect of improving training data by ensuring
consistency of annotations.
DEPREL v2018 v2020
obl 1,294 90
acl 961 10
nummod 777 4
advcl 462 11
goeswith 203 3
conj 99 85
compound 96 83
flat 91 34
ccomp 77 15
etc 232 134
Total 4,292 469
Table 7: DEPREL error comparison between PKT-UD
v2018 and v2020.
8 Conclusion
In this study, we revise the Penn Korean Univer-
sal Dependency Treebank (PKT-UD) and compare
parsing performance between models trained on
the original and revised versions of PKT. Our new
guidelines follow the UDv2 guidelines. UPOS and
DEPREL are revised to reflect Korean morpholog-
ical features and flexible word-order aspects with
reference to Korean UD studies such as Park et al.
(2018), Lee et al. (2019), and Oh (2019). In UPOS,
ADJ, NOUN, and VERB are revised extensively. In
DEPREL, iobj, acl, advcl, and goeswith
are thoroughly revised. The revision results show-
ing the percentage change of each label are pre-
sented in Table 2 and Table 3.
As a result of the parsing experiment, the v2020
model improves UAS by 0.6% and LAS by 3.0%
over the v2018 model. In particular, obl, acl,
nummod, and advcl errors are significantly re-
duced. This study, which improves parsing accu-
racy by applying characteristics of Korean, can also
contribute to improve the quality of other Korean
UD treebanks. In the future, we will explore the
possibility of extending PKT-UD with enhanced de-
pendency types5 by incorporating empty categories
from the original PKT.
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